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ABSTRACT
The crystal structures of two Group VIII transition metal com­
plexes, [(CHg) 3Si(CO^ RuSi(CH3)2] 2 and [ c ^ N H ^ f p d C C N ^  ] ‘XH^, have been 
determined by single-crystal X-ray diffraction analysis. A review of all 
published structural studies on tetracyano Ni, Pd, and Pt complexes is 
presented in conjunction with the latter.
The molecular structure of di-vi-(dimethylsilylene) -bis [tricar­
bonyl (trimethylsilyl)ruthenium(III)3 was analyzed from diffractometer data. 
The structure was solved by Patterson and Fourier methods and refined by 
full matrix least squares to R-0.060 for 658 independent reflections. 
Crystals are monoclinic, space group P 21/ c ,  a=*'10.64(l)A, b-9.3 4 1 (5 ) il ,  
c = 1 4 . 0 0 ( 2 ) 8 = 1 0 9 . 4 ( 2 ) ° ,  Z=2. The molecule, which is similar to its tin 
analog, contains a Ru-Ru bond of 2 .9 5 8 (3 )A  in the Ru^Si^ bridge plane which 
strongly affects the stereochemistry. Two other influencing factors are 
also discussed: the large trans-influence of silicon and a three-center 
bonding interaction between the axial carbonyl groups and the Group IV 
metal atoms.
The structural analysis of hydrated bis(ethylammonium)tetracyano- 
palladate(II) was attempted using several levels of equi-inclination Weis- 
senberg data and integrated hOl and hkO precession data. Patterson and 
Fourier methods were utilized to determine several similar models for the 
compound, all of which refined by least squares methods to R values between 
26% amd 28%. Crystals are triclinic, space group PI or PI, a=7.391(8)A, 
b=9.054(9)ft, c=15.39(2)&, ot=90.87(4)0, 8-92.51(4)°, y-84.67(4)°, Z=4.
The Pd atom positions are defined by two intersecting pseudo-body-centered 
lattices, with relative origins at (0,0,0) and (O,^,^). The [Pd(CN)^ 2~
ix
groups stack in chains parallel to the a or needle axis of the crystal.
Pd atoms are spaced at intervals of 3.7.R or one half the a axis. An 
expanding lattice theory is proposed to explain the indeterminacy of the 
exact molecular structure. The out-of-plane transition observed in the 
single crystal reflectance spectrum is discussed and related to the Pd-Pd 
distance.
Several Fortran IV programs written for the IBM 360/65 com­
puter and used in crystallographic and related calculations are presented. 
PROJECT calculates the angle between the projection of an out-of-plane 
interatomic vector and an in-plane interatomic vector in a given plane.
The two vectors have a common origin atom. THETA determines the 29 value 
of a given reflection from its position on an equi-inclination Weissenberg 
photograph. ECALC is a general data reduction routine which includes the 
option of calculating normalized structure factors for direct methods.
x
INTRODUCTION
In the past decade, complexes of Group VIII transition metals 
have commanded much of the attention and energies of inorganic chemists, 
notably in relation to their unique bonding features. It is especially 
this uniqueness that makes these compounds such interesting specimens for 
the X-ray crystallographer. Indeed, elucidation of their bonding intra- 
cacies often demands a knowledge of precise bond lengths and bond angles 
determined from X-ray investigations.
This dissertation reports the crystal structure determinations 
of two Group VIII transition metal complexes and compares the results with 
the known structural parameters of related compounds. The first compound, 
[(CH3) 3SiRu(CO) 3Si(CH3) J  2 ,was of particular interest because it was be­
lieved to contain a Ru-Ru metal-metal bond and could provide significant 
bonding information relevant to the small group of metal cluster compounds 
possessing this feature. [c^HgNHj2[pd(CN)J*xH20 is the second compound 
presented and is a member of a group of square planar Ni, Pd, and Pt com­
pounds which, in the solid state, stack in chains with the chain axis per­
pendicular to the plane of each molecule. A review of the X- ray inves­
tigations of all tetracyano nickel, palladium, and platinum complexes 
found in the literature is also presented.
In any crystallographic venture, there exists a prolificacy of 
mathematical calculations. The last chapter describes some computer pro­
grams and the related mathematical procedures which were written and de­
rived for the crystallographic refinement of the structures discussed here. 
Also included is a general data reduction program which calculates normal­
ized structure factors and is useful in the solution of organic structures 
or those containing no heavy atoms.
Finally, the results of structural studies are easier to
2
understand if the molecule can be illustrated in three-dimensions. The 
Appendix describes a novel technique devised to aid in the presentation 
of molecular stereopair drawings.
4
CHAPTER ONE
THE CRYSTAL AND MOLECULAR STRUCTURE OF 
DI-y-DIMETHYLSILYLENE-BIS [TRICARBONYL(TRIMETHYLSILYL)RUTHENIUM(III)]1
INTRODUCTION
In recent years, interest in metallic bonding has been intensi­
fied by the syntheses of several metal cluster compounds with interesting 
molecular structures. An extensive group of ruthenium carbonyl cluster 
compounds derived from reactions between dodecacarbonyltriruthenium, 
Ru3(CO)12, and triorganotin hydrides and/or triorganosilanes has been pre­
pared by F. G. A. Stone and co-workers.2“5 The X-ray structure of one mem­
ber of the series, £(CH3)3Sn(CO)3RuSn(GH3) J 2 ,6 revealed several interest­
ing features, the most important of which were a strong metal-metal inter­
action and unusual structural features attributed to a three-center bond­
ing Interaction involving a Ru atom, the adjacent axial carbonyls, and the 
terminal Si atom. In order to confirm the presence of the metal-metal 
interaction and gain more insight into the bonding, especially those fea­
tures caused by the Group IVA metal, the X-ray structure of the silicon 
analog, £(CH3)3Si(CO)3RuSi(CH3) J 2, has been investigated.
5
EXPERIMENTAL 6
A sample of golden yellow plate-like crystals of the title com­
pound was kindly supplied by Dr. S. A. R. Knox. A single diamond-shaped 
crystal, of approximate dimensions 0.05mm. x 0.3mm. x 0.3mm., was mounted 
on a glass fiber along the c axis, which coincided with the long diagonal 
in the plate face (100), and coated with Duco cement. Although crystals 
exposed to moist air decomposed slowly over a period of months, the mounted 
crystal showed little tendency to deteriorate from either air oxidation 
or radiation damage, as determined by direct observation and continous 
monitoring of selected intensities.
The space group and approximate unit cell parameters were 
obtained from Weissenberg and precession photographs with Ni-filtered 
Cu-Ka radiation. Precise lattice constants were obtained on an Enraf- 
Nonius PAD-3 diffractometer by least squares refinement73 of forty well- 
centered reflections. Intensity data were collected on the diffractometer 
by a 0/20 scan^(l°/min.) at 24°C between sin0/\ values of 0.0985 and 
0.4105 using Zr-filtered Mo-Ka radiation and a 4° take-off angle. Two 
20 second background counts were measured for each reflection.
Eight hundred and eight non-systematically absent reflections 
were measured from the hkl and hkl octants. The standard deviation for 
each was estimated by
ff(I) - [c3 + <ts/2tb)2(CB1 +
where Cg is the total number of counts collected during the scan 
time tg, and and C^  are the stationary background counts at 
the sides of the peak, each measured during time t^. Six hundred 
and seventy-three intensities were greater than 2tf(I) above background
and were used in the refinement of the structure.
Lorentz and polarization corrections were applied to yield the 
observed structure amplitudes,7̂  but neither absorption, dispersion, nor 
extinction corrections were applied. Structure factor calculations were 
carried out using the atomic scattering factors of Hanson, et al.8
CRYSTAL DATA
CjgHggOgRu^i^, M-632.89, monoclinic, P21/c,^^ a=10.64(l)A, 
b-9.341(5)&, c-14.00(2)&, 8-109.4(2)°, U-1391&3 , y-U.Scm"1, Dc-1.23, 
Z-2, F(000)-636 electrons.
STRUCTURE DETERMINATION AND REFINEMENT
8
Partial solution of a three-dimensional Patterson map generated 
from the observed structure factors73 indicated the positions of the ru­
thenium atom and the terminal silicon atoms. A series of electron density 
maps and difference maps73 revealed the positions of all remaining non­
hydrogen atoms of the molecule [(CH^)3Si(CO)3RuSi(CH3) S e v e r a l  cycles 
of block diagonal least squares refinement73, in which unit weights were 
assigned to each structure factor and all atoms were assumed to vibrate 
isotropically, proceeded smoothly to a residual factor R = E | | | — | | | / 
E|F0 | ■ 0.079.7& A difference map calculated from these atomic parameters 
was essentially flat, indicating that there was significant anisotropy 
only of the metal atom vibrations.
The R-factor ratio test,9a»^an application of linear hypothesis 
testing, was applied to determine whether any atomic vibrations could be 
described by an anisotropic model. This test on the ratio 7^" R' /R allows 
the user to determine whether improvement in the crystallographic R factor
from R to R' caused by an increase in the number of parameters in a least
squares refinement is significant; i.e., allows one to test the null hy­
pothesis that the model with the smaller number of parameters is correct. 
The ratio ̂  is compared with tabulated v a l u e s 9 3 *^ of the significance 
points ̂  n_m a, where b is the dimension of the hypothesis (or the dif­
ference in the number of parameters m and m' for the two models), n is
the number of reflections, and a is the significance level. The hypoth­
esis is rejected at the 100a% significance level if n m a* For t*ie
present problem, weighted least squares refinements were carried out for 
the following models, resulting in the indicated weighted R values (de-
fined as u)R =
Zoj(|f0 | - 1 Fc I)2 i    2 ).
ZW |F0 |2
(a) all atoms isotropic, ojRj * 0.059409;
(b) only the Ru atom anisotropic, uR2 ° 0.057236;
(c) only Sij anisotropic, coRg *» 0.059411;
(d) only Si2 anisotropic, ojR̂  * 0.059319.
The hypothesis that all atoms vibrate isotropically was tested. The re­
strained model (a) is based on a refinement of 57 parameters; models (b),
(c), and (d) are each based on the refinement of 62 parameters. The dimen­
sion b of the hypothesis = 5 and n - m * 673 - 62 = 611. Interpolated
model at the 0.5% level or, there is a 99.5% probability that the Ru is
uR3> wRj , so Si} is obviously best described by the isotropic model.
isotropic model at even the 50% significance level, or there is less than 
a 50% probability that Si2 is anisotropic. It was concluded that the 
molecule is best described by a model in which only the Ru is allowed to 
vibrate anisotropically.
Finally, the data were carefully checked to find any reflections 
for which J to| F^—F^| | / error of fit >_ 3o. Of such reflections, six were
values o f f n r  different values of a are as follows:
5,611,0.005 " 1.0136.
For case (b), only Ru anisotropic,^ - 1.038; we can reject the isotropic
best described by an anisotropic model. For case (c), Si^ anisotropic,
Finally, for case (c), Si2 anisotropic,^ = 1.0015; we cannot reject the
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found to have a sin 6/A value of less than 0.1104 and subject to beam stop 
Interference and four were poorly shaped. Ten more reflections were re­
dundant In pairs and were averaged, reducing the final data set to 658
7 bindependent intensities. A full matrix weighted least squares refinement 
of a model in which only the Ru was anisotropic reduced the weighted re­
sidual factor (i>R to 0.050.
Table 1-1 lists the final calculated and observed structure 
amplitudes. Table 1-2 lists the atomic and thermal parameters of all 
fourteen non-hydrogen atoms in the asymmetric unit, and Table 1-3 lists the 
relevant angles and intramolecular distances.
TABLE 1-1
CALCULATED AND OBSERVED STRUCTURE AMPLITUDES FOR 
[(CH3)3S1Ru (CO)3Si(CH3) J  2
t«
t
I l l i « i i t « t l I l t l l i l • i t l l i i l t I l l i i I i t l i I l I i l t i I I I I i i
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H K L FC FO H K L FC FO H K L FC FO H K L FC FD
0 3 7 443 404 3 4 507 452 2 2 9 456 512 3 3 2 70/ 720
0 3 6 530 475 3 5 519 521 2 3 0 475 435 3 3 3 2H6 21 7
0 3 9 579 551 3 6 856 841 2 3 2 974 937 3 3 4 623 600
0 3 10 189 186 3 7 486 478 2 3 3 52 96 3 3 6 4 .V 7 364
0 4 0 1062 1061 3 8 627 621 2 3 4 961 9 / 6 3 4 C 347 371
0 4 330 345 3 9 445 478 2 3 5 561 512 3 4 1 66 1 25
0 4 2 1051 1084 4 1 321 357 2 3 6 572 6 16 3 4 2 316 326
0 4 3 377 360 4 2 1001 991 2 3 7 454 431 3 4 3 1 65 141
c 4 4 907 918 4 4 1014 993 2 3 8 301 2 79 4 4 319 33.3
0 4 5 269 228 4 5 186 1 77 2 4 C 661 698 3 4 6 23) 229
0 4 6 701 729 4 6 608 608 2 4 2 40 9 365 3 4 7 22'., I 73
0 4 8 894 923 4 7 2C4 190 2 4 3 269 301 3 5 C 544 56C
0 4 9 147 1 18 4 8 558 592 2 4 5 80 107 3 5 1 2 30 337
0 5 1 672 606 5 0 272 229 2 4 6 276 272 3 5 2 460 462
0 5 3 857 824 5 1 471 493 2 4 7 127 135 3 5 3 9 1 1 Zb
0 5 5 467 503 5 2 43C 39 7 2 4 6 275 266 3 r» 4 319 379
0 5 6 169 213 5 3 76C 767 2 5 0 532 560 3 6 5 I 72 ? I 5
0 5 7 365 367 5 4 532 556 7 5 1 151 179 1 6 1 616 632
0 6 0 384 376 5 5 488 462 2 5 2 694 722 3 6 3 574 566
0 6 1 278 236 5 6 340 370 2 5 4 559 615 J 7 0 396 3h 0
0 6 2 152 158 5 7 362 370 2 5 5 114 1 .14 4 0 2 954 670
0 6 3 149 185 6 2 288 269 2 5 6 3C4 379 C 4 2 1 6 ? 6 4
0 6 4 83 1 28 6 3 459 454 2 6 1 670 661 4 0 6 4 H 0 4 7 0
0 6 5 121 1 12 6 4 204 239 2 6 2 210 213 4 C 16 71 1672
0 6 6 307 294 6 5 496 496 2 6 3 707 759 4 1 79 I 7 1 9
0 7 1 309 318 6 6 180 125 2 6 5 62 2 6 36 4 2 65 S 077
0 7 3 432 393 7 0 83 127 2 7 0 181 1 46 4 1 34 > J 39
0 4 310 278 7 1 63C 644 2 7 1 412 4 09 4 4 389 42 1
0 6 388 338 7 3 598 579 2 7 2 344 3 1 C 4 7 272 2 69
0 8 924 906 2 0 2 693 666 3 0 2 167 173 2 0 1 24 96
0 10 797 768 2 0 4 323 296 3 c 4 466 426 4 2 1 1179 1113
2 396 395 2 c 6 459 519 3 0 6 24C 293 4 2 2 I 69 2 1 1
3 533 581 2 G 8 617 545 3 0 1638 1707 4 2 3 1 032 1 C 32
4 107 96 2 0 466 396 3 1 862 914 4 2 4 21 o 251
5 341 288 2 1 51 107 3 2 1118 1 C 60 4 2 5 4 5 1 46 1
6 496 481 2 2 556 599 3 4 816 850 4 2 6 I 39 1 6 -
7 690 699 2 3 422 417 J 5 3C2 299 4 2 7 1 '/u 21 3
8 269 253 2 4 486 424 3 6 636 665 4 3 0 454 431
9 477 514 2 5 354 336 3 a 283 3 1 1 4 3 1 27 u 3 J4
1 10 312 290 2 6 788 785 3 2 0 978 10GC 4 3 2 6 36 6 39
2 0 156 197 2 7 503 487 3 2 l 1537 1 535 4 3 3 4 7 •'* 5 1 3
2 1 504 441 2 8 571 561 3 2 2 246 252 4 3 4 6 jO 5 O 4
2 2 857 858 2 9 274 257 3 2 3 1390 1 348 4 3 5 37 3 36 3
2 3 683 690 2 2 1 1591 1666 3 2 4 140 I 29 a 3 6 326 33 1
2 5 517 537 2 2 2 5 1 C 564 3 2 5 12C4 I 1 79 4 4 0 56 3 56 5
2 7 658 644 2 2 3 1297 1243 3 2 6 4 3 121 4 4 1 1 - 7 96
2 9 386 401 2 2 4 354 310 J 2 7 52 .1 521 4 4 2 1 6 6 1 7P
3 1 347 288 2 2 5 1 183 1 136 3 2 8 102 145 4 4 l 322 279
3 2 160 159 2 2 6 280 285 3 3 0 716 701 4 4 4 269 235
3 3 318 317 2 2 7 726 767 3 3 1 . 122 9? 4 4 5 54 1 13
K L FC FO H K L FC FO H K L FC FO H K L FC FI)
4 6 238 205 5 2 1 5G0 474 5 5 3 167 232 6 3 4 4 :  i 16 9
5 0 305 337 5 2 3 235 213 6 C 2 292 314 6 4 f, 5 6 ; 616
5 2 360 336 5 2 6 46 136 6 0 4 531 554 6 4 2 65 2 5FH
5 4 399 404 5 3 0 498 566 6 1 430 424 7 0 2 3 Hi 52 9
6 1 475 508 5 3 1 71 7 689 6 2 1 C 4 127 7 1 274 33 J
6 2 77 134 5 3 2 498 456 6 3 454 466 7 2 312 262
0 2 870 893 5 3 3 346 325 6 5 5C7 575 7 3 396 4 39
0 4 383 394 5 3 4 1 14 164 6 2 0 173 1 54 7 2 C. 1 64 39
0 6 521 543 5 3 5 315 31 1 6 2 1 274 102 7 2 1 4 7n 630
1 0  414 387 5 4 0 486 54 C 6 2 2 1 16 1 32 7 3 0 6 > j 3 1
1 1 803 733 5 4 1 169 202 6 ? 3 185 197 7 3 1 17? 359
1 2 192 184 5 4 2 347 3Q2 6 2 4 296 297 7 4 o 36 J 394
1 3 516 526 5 4 3 159 151 6 3 G 1 1 15? H c 4 5 7 640
1 4 122 I 50 5 4 4 515 545 6 3 1 569 56 1
1 5 206 277 5 5 1 1 75 155 6 3 2 20 7 24 1
2 0 426 413 5 5 2 316 346 6 3 3 2*71 262
TABLE 1-2
FRACTIONAL ATOMIC COORDINATES AND 
TEMPERATURE FACTOR COMPONENTS (A2)
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X Y Z B
Ru 0.0863(2) 0 .1247(2) 0 .0014(1) *
s± i 0 .3175(6) 0 .2259(8) 0 .0667(5) 4 .9 (2 )
S i 2 0 .1574(6) -0 .0 965(8 ) 0 .0886(4) 3 .8 (2 )
Cl 0 .142(2 ) 0 .045(2) -0 .1 0 2 ( 2 ) 4 .8 (6 )
c 2 0 .070(2 ) 0 .192(2) 0 .123(2 ) 3 .7 (6 )
C3 0 .035(2 ) 0 .301(3 ) -0 .0 6 2 ( 1 ) 3 .7 (6 )
Ol 0 .182 (1 ) - 0 .0 0 8 ( 2 ) -0 .1 6 1 (1 ) 5 .6 (4 )
o 2 0 .060(1 ) 0 .228(2) 0 .199(1 ) 5 .9 (4 )
°3 0 .0 13(1) 0 .416(2) -0 .1 0 0 ( 1 ) 5 .5 (4 )
Cf 0 .2 65(2) -0 .2 3 1 (2 ) 0 .047(1 ) 4 .5 (5 )
C5 0 .213(2) -0 .1 1 2 (3 ) 0 .234 (1 ) 4 .9 (5 )
C6 0 .459(2) 0 .103(3 ) 0 .125(2) 8 .8 (7 )
C7 0.3 36(2) 0 .368(3) 0 .166(2) 8 .2 (7 )
C8 0 .362(2 ) 0 .317(2 ) -0 .0 4 0 (2 ) 5 .8 (6 )
*Components of the thermal ellipsoid tensor (A2)
B11 B22 B33 B12 B13 B23
Ru 4.19(12) 3 .18(10) 3 .63(07) 0 .08(11)  1.52(06) -0 .1 5 ( 1 5 )
TABLE 1-3








Ru-C2 1 .8 8 (2 )










Si2 -Ru-Si2' 105.4(2) Ru—C 2 —0 2 176 (2)
Cj-Ru-S^ 85.8(7) Ru-C2-0 2 177 (2)
C1 -Ru-Si2’ 96.3(6) Ru-C3-03 175 (2)
Cj-Ru-Cg 96 (1) C 7-Sii-C0 106 (1)
Cj-Ru-Sij 84.6(6) C6-Sil-C7 104 (1)
C2 -Ru-Si2 86.4(6) C6~Sil" C 8 104 (1)
C2 -Ru-Si2' 95.7(6) Ru-Sij^-Cg 118.8(9)
C2 -Ru-C3 91.9(9) Ru-Sij-Cy 1 1 2 .6 (8 )
Cĵ -Ru-SIj 85.3(6) Ru—Si ̂“Cg 110.7(6)
C^-Ru-Cg 167.0(8) CC Si2-C5 105.5(9)
C 3-Ru-Si2 177.7(6) RU-S1 2 -CIJ 122.1(7)
C 3-Ru-S12! 76.2(6) Ru-Si2~C5 122.5(8)
Cg-Ru-Sij 86.4(6) Ru'-Si2-C1| 113.7(6)
Si2-Ru-Si1 92.0(2) Ru’-Si2-C5 115.5(7)
Sl2 '-Ru-Si1 162.6(2) Ru-Si2 ~Ru' 74.6(2)
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DISCUSSION
The molecular structure (Figures 1-1  and 1-2)  of 
£(CH3)3S±Ru(CO)3Si(CH3) 2] 2 (I) is similar to that of the Sn analog,
£(CH3) 3SnRu(CO)3Sn(CH3) ̂  (II) ; 6 each is dimeric and each contains a dis­
torted Ru2M 2 (M=Si,Sn) bridge plane which also includes the crystallo- 
graphic center of symmetry. The crystallographically independent unit of 
X  is composed of a six-coordinate Ru atom bonded to one terminal trimethyL- 
silyl group, three carbonyls, and two bridging dimethylsilylene groups.
As expected by analogy with IT, the silicon compound appears 
to contain a strong Ru-Ru bond of length 2.96A.  This is shorter than the 
Ru-Ru bond distance of 3.12A found in II, but the observed shortening 
would be expected when the bulky tin bridging atoms are replaced by lighter 
silicon atoms, thus allowing the two Ru atoms to approach one another more 
closely. Significant distortions of the expected tetrahedral angle at Si 
to 75° and of the octahedral angle at Ru to 105° substantiate the pres­
ence of the metal-metal bond. Similar distortions are present in the Sn 
analog. Although somewhat longer than 2 .6 A (the sum of the octahedral 
radii for ruthenium10), the Ru-Ru distance compares favorably with Ru-Ru 
bond lengths in other cluster compounds: 2.85A in Ru3 (CO) 1 2 » 11 2.77A to
2.91A in Ru (CO) H(C H C C H ) , 1 2 2.77A to 2.92A in H Ru (CO) (C H ) , 1 3 ̂ 9 6 5 6 H 3 0 X 2 1 5
and 2.93A in [(CH3) 2 GeRu(C0) J  3 . 14
Interesting trends in bond lengths are evident in 
£(CH3) 3SiRu(C0)3Si(CH3) J 2 and its tin analog. Besides the metal-metal 
bond, two other factors influence the stereochemistry: first, the large 
trans-influence of silicon, and second, a weak, but non-negligible three- 
center bonding interaction between the axial carbonyl groups and the
FIGURE 1-1
MOLECULAR STRUCTURE OF [(CHg)3SiRu(CO)gSKCHg)J 
INDICATING THE NUMBERING SCHEME OF THE ATOMS

FIGURE 1-2
STEREOPAIR DRAWING OF [(CH3) 3SiRu(CO) 3S K C H 3) J  2
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Group IVA metal atoms. Both factors are partially responsible for the 
deviation of the ruthenium atom from octahedral geometry and for certain 
irregularities in bond lengths discussed below.
THE STRONG TRANS-INFLUENCE OF THE TRIMETHYLSILYL GROUP
Silicon is known to have a strong trans-influence. Chatt and 
his co-workers1 5 discussed the very large inductive trans-effect of sub­
stituted silyl groups trans to chlorine as evidenced by the "marked lower­
ing" of v(Pt-Cl) and v(Pt-Br) in trans-fPtXCSiR1 (PR23),J compounds.
They also observed an Increase (rather than the expected decrease) in the 
trans-effect from Si to Sn which they attributed partially to participation 
of the dorbitals of these elements in the Pt-M’ bonding. (M’ = Group IVA 
atom or ligand group.) In I a short Ru-Sl bond length of 2.391(7)ft (as 
compared to the value of 2.47ft. calculated from the sum of the Ru(III) 
octahedral radius and the Si(IV) tetrahedral radius10) occurs trans to the 
equatorial carbonyl group. The analogous Ru-Sn bond is also shortened —
2.638(2)ft versus the predicted value of 2.70ft. This M-M1 bond shortening 
in both compounds indicates the presence of substantial trans-influence 
of the Group IVA moiety. The longer Ru-Si bonds trans to each other (av. 
2.499(6)A) and the respective Ru-Sn bonds in _XI_ (av. 2.690(l)ft) do not 
differ significantly from the predicted values10 of 2.47ft and 2.70ft, re­
spectively. The question arises as to whether bond lengthening or bond 
shortening would be expected. In a study of the strong trans-influence 
of Ge(0113)3 8 r°ups in platinum complexes, 15 Glockling and Hooton found 
that the coupling constant J(1H-C-Ge-1 9 5 Pt) (coupling of the Ge(CH3 ) 3 
proton with the Pt nucleus) decreases as the trans-influence of the lig-
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and opposite to Ge(GH3 ) 3 increases, indicating a weakening of the Pt-Ge 
bond. The accuracy of the X-ray results for [(CH3) 3SiRu(CO)3Si(CH3) J 2 
does not allow the conclusion that the Ru-Si bonds trans to one another 
are longer than the calculated values, but these bonds are certainly 
longer than the Ru-Si bond trans to the carbonyl ligand. This is to be 
expected since the CO group has a smaller trans-influence than silicon.
It may be argued that the extent of trans-influence of M' in 
these two compounds, 1  ̂and 1 1 ^ as evidenced by a 0 . lA shortening of one 
bond, is questionable. However, Mason and Towl state that a ligand exerts 
the strongest trans-influence when another ligand trans to it is "invari­
ably highly electronegative and is a poor a-donor and ir-acceptor. " 17  
The strong u-acceptor properties of the carbonyl group would thus be ex­
pected to lessen the trans-influence of M 1 trans to it. The trans-influ- 
ence would be further reduced, but to a lesser extent, by the cis-effect 
of the axial CO ligands in 1̂ and II..1 7 Both of these factors would limit 
any bond shortening due to the trans-effect.
In neither of the two compounds do the M-CO bond distances 
(av. 1 .8 9 (1 )A  axial and 1.86(1)A equatorial) differ by more than 3 e.s.d. 
from the average Ru-CO distances C l . 8 9 ( 2 )A. axial and 1 . 9 3 (2 ) A  equatorial) 
in Ru3 (CO) 1 2 . 11 Thus, deviations in these Ru*-CO distances could easily be 
masked by the inherent random error of the intensity measurements.
Chatt, Duncanson, and Venanzi postulate that ir-interactions 
also cause a trans-influence. 1 8 Their theory emphasizes the mesomeric 
(as opposed to the inductive) trans-effect, caused by Tr-bonding between 
the metal and the trans-influencing ligand. An argument for weak Ru-M’ ir- 
interactions will be discussed next.
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BONDING INTERACTIONS AMONG RUTHENIUM, THE GROUP IVA LIGAND, AND THE AXIAL 
CARBONYL GROUPS
Much discussion has arisen over the question of ir-bonding 
between the empty d orbitals of a Group IVA element and the filled d 
orbitals of a Group VIII transition metal to which it and carbonyl groups 
are coordinated. 1 9 - 2 2  One argument favoring this iT-bonding theory de­
scribes an interesting observation of an interaction of the Group IVA metal 
not only with the transition element, but also with the adjacent carbonyl 
groups. 2 1 MacDiarmid and his associates list theoretical and experimental 
molecular structure data which indicate that a small percentage of the 
Co-Si bond in R-Si-Co(CO). is accounted for by cobalt 3d (dTr-dir) andJ « XZjyz
cobalt 3dxz yZ, silicon 3px ĈdTr-pir) interactions. Also reported is a 
bending of the equatorial carbonyl groups in the equatorial plane toward 
the R3Si substituent which suggests a direct Si to CO group interaction. 
MacDiarmid's MO calculations involve the Si d orbitals in the calculation 
of the total Si-C group overlap energies. Mass spectral evidence in sup­
port of this theory is presented in a second paper. 2 2
Since the series of compounds containing 
[(CH3)3SiRu(CO)3Si(CH3) J 2 and [(CH3) 3SnRu(CO)3Si(CH3) J 2 exhibit several 
similarities with compounds of the manganese subgroup, there may be sim­
ilar bonding interactions even though 1̂ and II contain octahedral rather 
than trigonal bipyramidal central metal atoms. In order to evaluate the 
extent of any of the above-mentioned bonding interactions in the Ru-Si 
compound and its tin analog, results from Zimmer and Huber's X-ray analysis
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of di-y-diethylgerrayl-bis [tetracarbonyliron(III)J. 2 3 Figure 1-3 is intro­
duced for comparison. This compound is especially relevant because it 
contains two Group VIII transition metals bridged by two Group IVA ligands, 
but, unlike the ruthenium compounds l_ and II., it lacks both a metal-metal 
bond across the bridge and a terminal Group IVA ligand. The existence of 
evidence for Fe-Ge and Ge-CO d orbital interactions would strengthen the 
arguments that molecular distortions attributed to similar interactions 
in the ruthenium compounds are not simply features forced by the metal- 
metal bond.
Shortening of the Ru-Si and Ru-Sn bonds trans to the equatorial 
carbonyl group has already been discussed in relation to the trans-effect. 
The question arises as to why, if a Ru-M' (dir-dir) interaction exists, do 
not all three Ru-M’ bonds show a substantial decrease in length? No 
significant bond shortening can be detected, however. Similarly, the Fe- 
Ge bonds in [Fe(CO) ̂ GeCĈ ,!!̂ ) J  2, with a mean length 2.492(4)A, do not dif­
fer significantly from the value of 2.45A calculated as the sum of the 
octahedral iron and tetrahedral germanium radii. 10
Aside from the metal bridge, perhaps the most interesting 
structural feature of all three compounds is the disposition of the axial 
carbonyl groups, none of which are normal to the bridge planes. If there 
is an interaction between these carbonyl groups and M', one would expect, 
according to MacDiarmid's results, 2 1 that these CO groups would point 
toward an "average position" of the Group IVA atoms when more than one are 
present. In the ruthenium compounds, this position is the M' trans to 
carbonyl, and in the Fe-Ge compound, along the Fe-Fe vector. The projec­
tions of the carbonyl group onto the Ru2Si2, Ru2Sn2, and Fe2 Ge2 bridge 
planes are illustrated in Figure 1-4. In both ruthenium compounds, the
FIGURE 1-3




PROJECTION OF AXIAL CARBONYL GROUPS INTO 
THE BRIDGE PLANE IN COMPOUNDS I, II, AND III 
(PROJECTED BONDS ARE INDICATED BY DOTTED LINES; 
ANGLES INDICATED ARE IN DEGREES. ANGLES OF M-C 
VECTORS WITH NORMALS f TO THE BRIDGE PLANE AND 
CONTACT DISTANCES BETWEEN THE CARBONYL C AND 
NEAREST M' ARE INCLUDED.)
[  MejSi Ru(CO)3 Si Me2] 2
N-G) 172.5°
N-C2 7.3°
Si2 — Cj 3.298 




Sn2 —  3.16 A




Ge— Cj 2.898 
Ge— C2 2.84& 
Ge'— C1 2.868 
Ge1— C2 2.888
axial carbonyls project between the bridging (CH3)2M' group and the termi­
nal (CH3) 3M' group next to it. This does not negate the possibility of 
an interaction with the Group IVA metal, but rather can be explained as 
a result of steric repulsion of these cis-axial CO groups when the pres­
ence of a Ru-Ru bond crowds the bridging atoms together. Comparison of 
the two Ru compounds explains the differences of their carbonyl projec­
tions in Figure 1-4. The Ru-Snj bond is longer than the analogous Ru-Si2 
bond and therefore presents less steric hindrance to the approaching 
carbonyl, allowing it to come closer to the Ru atom in compound II. In 
the iron-germanium compound (III), there is no metal-metal bond across 
the bridge; therefore, there is much less crowding and less restriction 
to the approach of the cis-axial carbonyl groups. These carbonyls project 
within the bridge and nearly along the Fe-Fe vector, as illustrated in 
Figure 1-4.
Carbonyl C - M' contact distances offer additional evidence 
for the bonding interactions proposed. MacDiarmid has given 3.54& as the 
sum of van der Waal's radii for silicon and a carbonyl group. 2 1 Propor­
tionately larger values are expected for germanium and tin. The listing 
of axial CO - M' distances in Figure 1-4 indicates that in all three com­
pounds, the C - M' contact distances are less than 3.54&. This closeness 
of approach is especially evident in [Fe(CO)4Ge(C2H 5) 2 • These figures 
indicate that some type of orbital overlap must be favored.
In 1965, Kettle demonstrated from group theory arguments that 
an M-C-0 group in M(CO) 3 will be generally nonlinear. He indicated that 
the electron density in t t *  orbitals "will show twofold rotational symmetry 
rather than full cylindrical symmetry;" therefore, bending is a result 
of unequal occupation of the two t t *  orbitals.21* Kettle predicted an aver-
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age deviation from linearity of about 5®. Each of the compounds under 
discussion exhibits this trend; the axial M - C - 0 angles of all three 
are consistently slightly less than 1806. This may be interpreted as 
being due to the unequal interaction of the two ir* carbonyl orbitals 
with M ’.
A three-center molecular orbital involving the filled 4d or­
bitals of tin and ruthenium and the empty 5d and pir* orbitals of tin and
carbonyl was discussed for II.*6 This argument may be extended to 1  ̂and
III to give an explanatory bonding picture. It is suggested that in each
compound, the empty orbitals of the carbonyl group overlap with the
empty d orbitals of the bridging Group IVA element and the partially xz
filled d orbitals of the central transition metal atom, thus shortening
a Z
the M-M' bond trans to carbonyl. This scheme is illustrated in Figure 1-5. 
In III, the overlap of the remaining orbitals on CO with the d
orbitals of the second bridging germanium atom is indicated by the position 
of the axial carbonyl projection into the bridge plane (Figure 1-4). This 
is not conclusively observed in I_ and II, in which the Ru-Ru bond is cre­
ated by a a-type overlap of the metal d orbitals. Although MO calcula-xy
tions would have be undertaken to determine the extent of the bonding 
interactions presented in this discussion, the presence of these interac­
tions to at least a small degree is evident.
This theory of three-center bonding interactions is in agree­
ment with the trans-effect discussed earlier. Silicon bonds to ruthenium 
via an sp3 orbital. Rehybridization of this orbital due to the three- 
center bonding interaction just discussed may cause the bond to ruthenium 
to be of greater s character and thus shorter. Thus, the three-center 
bonding interaction may be directly related to, if not the cause of, the
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FIGURE 1-5
MOLECULAR ORBITAL DRAWING ILLUSTRATING 








large trans-influence of silicon in [(CH3)3SiRu(CO)3Si(CH3 )2] 2
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CHAPTER TWO
THE CRYSTAL STRUCTURE OF 
HYDRATED BIS [ETHYLAMMONIUM] TETRACYANOPALLADATE(II) 
AND A REVIEW OF 
X-RAY CRYSTALLOGRAPHIC INVESTIGATIONS OF THE 
TETRACYANO COMPLEXES OF NICKEL, PALLADIUM, AND PLATINUM
INTRODUCTION
Tetracyano complexes of nickel, palladium, and platinum have 
been the subject of much study for years. Considering the large number 
of these structures which have already been solved, it would seem that the 
single crystal X-ray investigation of another member of the series would 
be straightforward and uncomplicated. The study discussed in the follow­
ing pages will reveal that such is not the case.
Musselman1 studied the single crystal reflectance spectra of 
a number of tetracyano nickelate (II), palladate (II), and platinate (II) 
compounds in order to determine how the metal-metal distance along the 
chain affects the "out-of-plane" electronic transition along the chain 
axis. In the [Pd(CN)1J 2- series (and in the corresponding Ni and Pt se­
ries) , increasing the size of the cation increases the M-M distance along 
the chain. It had already been suspected that inserting a bulky ethylam- 
monium cation in place of a compact metal cation would increase the M-M 
distance considerably. 2 0  Musselman studied the series of tetracyano 
palladates with magnesium, barium, rubidium, and ethylammonium cations, 
in which the Pd-Pd distance increased in the order Mg'*"*" < Ba++’ < Rb ++ < 
[^HjjNHg] 2^". A better understanding of the structural basis for the 
out-of-plane transitions in these compounds would be gained from knowledge 
of the precise structural parameters and configuration of 
[C2H 5NH 3] 2 {Pd(CN)it] 'X^O. For this reason, the crystal structural inves­
tigation of this compound was undertaken. However, after the present 
crystallographic investigation was begun, it became obvious that the 
molecular structure determination was not straightforward as presumed, 
but was riddled with complexities. It was decided that a thorough review
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of all previously reported crystallographic Investigations of tetracyano 
nickel, palladium, and platinum complexes 2 - 2 5  might reveal an explanation 
for the many anomalies encountered in the present study. The remainder 
of this chapter will first summarize the findings of an extensive litera­
ture search. Then, the attempt to solve the structure of this compound 
will be discussed, and provocative conclusions regarding the nature of its 
crystal lattice will be made.
REVIEW 41
In 1929, Geraann and Muench reviewed the physical and chemical 
properties of the tetracyanoplatinate (II) compounds and cited references
qdating as far back as 1822. These compounds became of crystallographic 
Interest because of their unusual optical and magnetic anisotropy In the 
solid state. Bozorth and Haworth noted that crystals of Mg[pt(CN)iJ *7H20 
were red by transmitted light, but when light was reflected from their 
surfaces, the prism faces were a "brilliant metallic green" and the ends 
of the crystal were violet. They also exhibited marked dichroic fluores­
cence. 11 They attributed these unusual optical phenomena to the atomic 
configuration in the crystal and attempted to solve for the heavy-atom 
positions in Mg[pt(CN)jJ *7H20 in 1927.4 Their incorrect alternating place­
ment of Mg and Pt atoms 1.57& apart in parallel rows was later corrected 
by Bozorth and Pauling, who also suggested that four CN groups might lie 
at the corners of a square surrounding each platinum. 5
In 1933, Brasseur published the first of several generations 
of research at the Universite de Liege, Belgium, to be devoted to the 
study of these unique complexes. Brasseur devoted his first paper to the 
question of whether the ". . .lines which join the centers of C and N 
atoms. . ." were parallel or perpendicular to the square planes of the 
[ptCQOjJ2- groups.6 In his crystallographic study of BajNiCCN)^] *4^0, 
he compared the cell constants with those of the corresponding Pd and Pt 
compounds and showed that the structures are isomorphous and that the 
anions [Ni(CN) 2“ , [pd(CN)iJ2”, and [PtCQOjJ2- are structurally identi­
cal. 7 In 1938, Brasseur and de Rassenfosse again considered the structure 
of these three Ba++’ salts, this time with the aid of newly developed crys-
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tallographic Fourier methods, and were able to locate the C and N atoms
Qand the H 20 groups. They were then able to conclude that both the C and 
N lay in the square plane, and that the square planes stacked in columns 
parallel to the needle [OOlJ axis of the crystal (Figure 2-la), adjacent 
square planes being rotated by an angle y ■ 45° (Figure 2-lb). They also 
found that the cation and waters of crystallization filled the voids be­
tween the columns of (m (CN) 2“ groups, in effect insulating these chains 
from one another. Subsequent structural studies of compounds of 
{Ni(CN)it}2-, [Pd(CN)iJ 2~» and jjPt(CN) J  2“ with other cations revealed 
that all except five or six formed chains of closely spaced [^(CN)^]2- 
groups.
Monfort (1941) inferred from the hkO projection Patterson of 
KNa[pt(CN)it] *3H20 that the normals to the square planar [pt(CN)lJ 2- groups 
are not always parallel to the needle axis, but rather are often tilted 
slightly away from the parallel. 9 Later observations showed that this is 
often the case with similar compounds when the crystal symmetry is tri­
clinic or monoclinic. This becomes an important consideration when inter­
preting crystal spectra observed parallel and perpendicular to the needle 
axis.
From the forties to the early sixties, most of the research 
on these compounds consisted of the refinement of structures which had 
been partially refined during the formative years of X-ray crystallography.
In 1964, Vannerberg studied the first water-free structure, 
that of K2 |_Ni(CN)iJ . 10 The Ni-Ni distance is much larger than in any of 
the other compounds studied —  4.29A.
Jerdme-Lerutte replaced the small metal cation with a bulky 
organic cation and determined the cell dimensions of [c^HgNHg] 2 [pt(CN)lf] ,2a
FIGURE 2-1
ORIENTATION OF [m (CN) J 2_ GROUPS OF THE 
TETRACYANO COMPLEXES, SHOWING A VIEW
(a)NORMAL TO THE NEEDLE AXIS AND (b) 
LOOKING DOWN THE NEEDLE AXIS (INDICATING 












[(C2H 5)2NH2] 2 [pt(CN) J  ,2a and [(C2H 5) 3NH] 2 [pt(CN) J  .2a The x-ray struc­
tural analysis of the analogous £(C2H 5) gNHj 2 [pd(CN) J , first in pro­
jection2^ and then from three-dimensional data2c indicated that this 
water-free structure also contained jMCCN)^2- groups which did not stack 
closely along the needle axis. Here, the cation is bulky and the Pd atoms 
are separated by about 6.4&. and the { P d ^ Q O j 2- groups are tilted all the 
way into the (201) plane. It should be noted that K 2 [Ni(CN)1J and 
[(C2H 5)2NH2] 2 [pd(CN) J  are the only anhydrous compounds whose structures 
have been fully determined and they both display extremely large metal- 
metal distances.
In the light of these surprising results for the water-free 
structures, it is Interesting to note that the structures containing H 20 
groups contain many hydrogen bonds, which perhaps hold the closely-packed 
chain structure together. In a neutron diffraction and infrared absorp­
tion study of BaJjPtCCN)^ *4D20, Dupont, et al. observed short OD— 0 and 
OD— N distances and several bands attributable to OH— 0 and OH— N link­
ages . 11
There has also been a vast amount of work in the area of spec­
troscopy and magnetic and optical properties of these compounds, 2 6 - 5 9  
but this review has been limited to crystallographic studies. Only the 
highlights of the vast number of these nickel, palladium, and platinum 
compounds have been discussed. A comprehensive summary of the results 
of all the X-ray crystallographic structure determinations is given in 
Table 2-1. It can be seen immediately that large amounts of data are 
missing from the table; most of the Belgian crystallographic studies are 
extremely sketchy. This seems to be not necessarily the product of in­
competent research, but the unfortunate outcome of a lack of standard
TABLE 2-1






Symmetry a(A) b(A) c(A) a 6 Y r
Mg[Pt(CN) J*7H20 - tetragonal 14.6 14.6 3.13 90° 90° 90° -
It 3.13 ft II II 6.26 If II If -
If 3.155 If 14.537 14.537 6.310 II VI It -
Ba[Pt(CN)J *4^0 3.27 monoclinic 11.89 14.08 6.54 90° 103°421 90° -
IV 3.32 If 12.03 13.85 6.64 It 103°54' II -
Ba[pt(CN) J*4D20 3.32 monoclinic 12.052 13.851 6.635 90° 103°42' 90° -
Ba[Ni(CN) J*4H20 3.31 monoclinic 11.715 13.481 6.629 90° 104°50' 90° -
ft If If If II II tv II II -
ft 3.36 If 12.07 13.61 6.72 II 107°32' II 45°
Ca[Pt(CN)it]*5H20 3.32 orthorhom-
bic
17.08 18.98 6.64 90° 90° 90° -
ft 3.36 If 17.36 19.30 6.72 tl If II ==30°
Ca[Ni(CN) J  *5H20 3.28 orthorhom-
bic
16.88 18.66 6.55 90° 90° 90° -
If 3.39 II 17.13 18.76 6.77 ft ft II -
If 3.387 II 17.185 18.859 6.774 ft II II 26°56*
Ba[Pd(CN) J  *4H20 3.35 monoclinic 11.95 13.82 6.71 90° 103°38’ 90° -
Sr[pt(CN)J *5H20 3.57 monoclinic 10.555 15.420 7.131 VO o o 94°49' 90° -
Listings for each compound are continued on next page, where the references are cited.
Compound
]_ between normal 
to [m(CN)J2~ and 
the needle axis
Final 
R value Color Reference
Mg[pt(CN) J*7H20 - - red-transmittedgreen-reflected 4
If - - It 5
tl - - dark red 2 1
Ba[pt(CN) J*4H20 - - - 7
ft - - yellow-green 2 1
Ba{jPt(CN) J  *4D20 - - - 1 1
Ba[Ni(CN) J  *4H20 - - - 7
It — - - 8
ft 4°46' 0.047 - 24
Ca[Pt(CN) J*5H20 - - citron yellow 1 2 a
ft - - - 16a, c
Ca[Ni(CN) J  *5H20 - - yellow-orange 1 2b
ft
- - - 16 c
ft 6 °1 0 ’ 0.073 pale yellow 23
Ba[Pd(CN) J  *4H20 - - colorless 13






Symmetry a(A) b(A) c(A) a 8 Y Y*
Sr[Pt(CN) J  *5H20 3.60 monoclinic 10.615 15.530 7.207 90° 94°40' 90° -
SrJpd(CN)J *5H20 3.63 monoclinic 10.62 15.48 7.25 90° 97°17' 90° -
Na2 [Ni(CN)J *3H20 3.69 triclinic 15.01 8.837 7.38 95°07' 92°16' 89°20' -
Na2 [Pt(CNK] *3H20 3.63 triclinic 15.25 8.97 7.25 95°0' 92°18' 89°23' -
Na2 [Pd(CN) J  *3H20 3.68 triclinic 15.31 8.99 7.36 95°20' 92°20' 89°13' -
If 3.71 n 15.45 9.05 7.42 - - - -
Y 2 [Pt(CN)^]2*2lH20 3.16 orthorhom-
bic
13.615 15.298 18.969 90° 90° 90° -
Er2 [pt(CN)J2*2lH20 3.12 orthorhom-
bic
13.61 15.20 18.72 90° 90° 90° -
Li2 [Pd(CN) J *3H20 3.69 triclinic 15.30 8.94 7.38 95°42' 92°46' 89°10' -
Li2 [Ni(CN) J *3H20 3.63 triclinic 15.01 8.84 7.25 95°36 * 92°23! 89°03' -
(NH ) [Ni(CN)J.
r 3H2P_
3.63 triclinic 15.10 8.80 7.25 95°23* 92°37* 88°58' -
K 2 [Ni(CN),J «3H20 3.69 triclinic 15.46 8.93 7.38 95°30' 92°31’ 89°10' -
k2 [n i ( cn) J 4.294 monoclinic 4.294 7.680 13.03 90° 87°16’ 90° -
Rb2 [Ni(CN) J-3H20 3.72 triclinic 15.40 8.99 7.43 95°29' 92°22’ 89°36' -
KNa[pt(CN)J *3H20 3.30 monoclinic 11.95 13.90 6.59 90° 95°8' 90° 0 °
" t 3.24 If - - 6.47 - - - -
Listings for each compound are continued on next page, where the references are cited.
Compound
X  between normal 
to [m (CN)J2“ and 
the needle axis
Final 
R value Color Reference
Srjpt(CN)J *5H20 - - white 2 1
Sr[Pd(CN) J*5H20 - - - 15
Na2 [Ni(CN) J*3H20 - - brown 14d,e;19b
Na2 [Pt(CN) J*3H20 - - - 14e,19b
Na2 £pd(CN) J*3H20 - - - 14e
rt - .156(hkO) - 19a, b
Y 2 [Pt(CN)J3 .2lH20 - - cerise 14a
Er2 [Pt(CN)I+] 3 *2 1H 2 0 - - - 14b
Li2 [Pd(CN)if]*3H20 - - - 14e
Li2 [Ni(CN) J*3H20 - - - 14e
(nh1+)2 [ni(cn) J*3h2o - - - 14e
k2 [ni(cn) J-3h2o - - - 14e
k2 [ni(cn)J - 0.15 yellow orange 1 0
Rb2 [Ni(CN) J*3H20 - - - 14e
KNa[pt(CN)lt]*3H20 - - - 9






Symmetry a(A) b(A) c(A) a 6 Y y '
KNa[pt(CN) J  *3H20 3.25 monoclinic 11.77 13.74 6.50 90° 9 4 O4 7 1 90° 36°
SrfNi(CN) J * 5 H 20 3.64 monoclinic 10.33 15.18 7.28 90° 98°23' 90° 0 °
Ca[pd(CN) J -5H20 3.42 orthorhom-
bic
17.33 19.29 6.84 90° 90° 90° =30 0
Li2 [pt(CN) J  - x H 2 0 + 3.18 - - - 6.36 - - - -
(NH4) 2 [Pt(CN) ̂  • 
xfl20 +
3.25 - - - 6.51 - - - -
Kb2 £Pt(CN) *3H20f 3.40 - - - 13.62 - - - -
Rb2 £Pt(CN) i+l *H20 3.64 orthorhom-
bic
9.99 13.61 7.37 90° 90° 90° -
Hb2 [Pt(CN) J *1.5H20 3.40 monoclinic 11.91 12.84 13.62 90° 9 9 0 4 9 1 90° -
Rb2 [Pd(CN)J-H20 3.69 orthorhom-
bic
9.88 13.74 7.39 90° 90° 90° -2 0 °
Rb2 [pt(CN)l+] *H20 — orthorhom-
bic
- - - - - - -
K 2 [Pt(CN) J  • 3H2Of 3.50 13.99 “ “
Listings for each compound are continued on next page, where the references are cited. 
^These results are based on measurements of the chain period only.
Compound
]_ between normal 
to [m(CN)J2" and 
the needle axis
Final 
R value Color Reference
KNa[Pt(CN) J  *3H20 6°30’ .079(hk0)•093(h01) yellow orange 2 0
Sr[Ni(CN) J  *5H20 - - - 15
Ca[pd(CN) J  *5H20 60 .023(hk0) - 16a,b ,c
Li2 [Pt(CN)if] *sH 20 - - - 17
(NHi+)2 [pt(CN)ll]*3dI20 - - - 17
Kb2 [pt(CN)J*3H20 - - - 17
Bb2 [Pt(CN) J * H 2 0 - .118(hk0) colorless 18a
Rb2 [Pt(CN)lf]*1.5H20 - .138(hkO) greenish 18a
Rb2 [pd(CN) J  *H20 












symmetry ad) bd) cd) a 8 Y Y*
Ba[(Pt,Pd)(CN) J  •4H2 0t 3.32 - - - 6.64 - - - -
[c2H 5NHa]2 [pt(CN) J - tetragonal 17.01 17.01 18.75 90° 90° 90° -
[(C2H 5) 2NH2] 2 [pt(CN)4] - triclinic 15.85 9.06 6.35 83°11' 93°18' 94°06' -
[(C2H 5) 3NH] 2 [Pt(CN) J - monoclinic 16.55 9.12 8.17 90° 93°341 90° -
[(C2H 5)2N H j 2 [pd(CN) J 6.35 triclinic 15.80 9.13 6.35 84°12' 92°38' 93°45' -
II 6.35 It 15.79 9.10 6.35 84°11' 92°42f 94°05' 0 °
Sr[Pt(CNK] *3H20 3.09 monoclinic 1 0 . 8 6 14.17 6.182 90° 95°36’ 90° -
K 2 Sr[pt(CN) J 2 *2H20 3.21 monoclinic 8.63 15.65 6.43 90° 92°42’ 90° -
K 2Sr[Pt(CN) J 2 *6H20 3.33 monoclinic 9.373 17.957 6.653 90° 108°12* 90° -
Mg[pt(CN) J«4.5H20 3.36 triclinic 9.379 9.916 3.364 92°52f 91°06* 112032' -
Ca[Pt(CN) J  »5H20 3.38 orthorhom-
bic
17.33 19.32 6.76 90° 90° 90° -
Rb2 [pt(CN)tt]*1.5H20 3.39 monoclinic 12.670 12.776 13.572 90° 1 1 2 0 1 1 ’ 90° 30°
Be[Pt(CN)1J-2H 2 0+ 3.16 orthorhom­
bic
- - - - - - -
Listings for each compound are continued on next page, where the references are cited.
•j*These results are based on measurements of the chain period only.
]_ between normal Final 
R valueCompound to [m (CN)J2“ and Color Referencethe needle axis
BafCPt.PdXCNjJ-^O - - - 17
[c2H 5NH3] 2 [pt(CN)1J - - colorless 2 a
[(C2H 5)2N H j 2 [pt(CN) J - - colorless 2 a
[(C2H 5)3NH]2 [Pt(CN) J - - - 2 a
[(C2H 5)2NH2] 2 [Pt(CN) J - .081(hkO) colorless 2b
VI -40° 0.055 II 2 c
Sr[Pt(CN)i+] *3H20 - - violet 2 1
K 2Sr[Pt(CN) J -2H20 - - red-violet 2 1
K 2 Sr[pt(CN) J - 6 H 20 - - yellow-green 2 1
Mg[pt(CN)4] *4.5H20 green 2 1
Ca[Pt(CN) J*5H20 - - yellow-green 2 1
Rb 2 JjPt ( CN) i+J • 1. 5H20 -0° .132(hk0) .184(hOl) - 2 2
Be£pt(CN)lt] *2H20 - - dark red 25
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format for crystallographic contributions to the European journals involved. 
Poor editing has also been observed, even to inconsistencies in the same 
lattice parameters printed in different parts of the same paper. Unfor­
tunately, this creates a lack of credibility of the data reported. It is 
also important when considering the solutions with relatively high final 
R values (>15%) to note that several of the structures that have been 
redetermined have been found to have originally incorrect origin defini­
tion . Correct location of the origin lowers the R value by as much as 
10% or more. Also, acceptance of structural results determined on the 
basis of projection data (as most of the studies are) should be tentative.
EXPERIMENTAL
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Clear colorless needlelike crystals of [C2H 5NH 3j 2 [Pd(CN)1J *xH20 
(I) were provided by Dr. Ronald L. Musselman, Principia College, Elsah, 
Illinois. A single crystal, approximately 0.24mm. along each edge, was 
cut from a longer triangular prism and mounted with Duco cement on a 
glass fiber along the a or needle axis. The crystal showed only very 
slight signs of deterioration (faint yellowing after several months) 
during the data collection period.
Weissenberg and integrated precession photographs taken with 
Ni-filtered Cu-Ka radiation revealed the space group to be either Pi or 
Pi and provided approximate unit cell parameters. More precise values 
were obtained from a least-squares refinement6 0 3  of 56 well-centered re­
flections collected on an Enraf-Nonius PAD-3 diffractometer.
An attempt was made to collect diffractometer data6°a by a 
0/20 scan (0.5° /min.) using Zr-filtered Mo-Kct radiation and a 4° take­
off angle, measuring 2 0  second background counts for each reflection. 
Although direct observation of the optical alignment showed that the 
crystal remained well-centered, continuous monitoring of standard reflec­
tions revealed extreme variations in the intensities. Scans of all re­
flections indicated that the maxima drifted to the left and right of the 
expected 2 0  values, and several scans revealed the growth of a second peak 
next to the expected one. Figures 2-2 and 2-3 present graphically the 
variation in standard intensities and the appearance of second peaks 
within scans, respectively. Repeated attempts to re-center and stabilize 
the reflections were unsuccessful, so the diffractometer data collection 
was abandoned for fear of instrument malfunction, although neither elec-
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FIGURE 2-2
GRAPHICAL REPRESENTATION OF THE VARIATION 
IN INTENSITIES OF THE STANDARD REFLECTIONS 
COLLECTED ON THE DIFFRACTOMETER: (a)2 4 0
































A TYPICAL RECORDER CHART OUTPUT OF THE 
DIFFRACTOMETER SCAN OF SOME REPRESENT­
ATIVE REFLECTIONS, ILLUSTRATING THE 
EMERGENCE OF SECOND PEAKS.
decreasing 20
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tronic nor mechanical failure could be otherwise detected.
It was then decided to try to solve the structure from a set 
of film data which had been collected at room temperature with Cu-Ka 
radiation prior to the diffractometer attempt. Relative intensities of 
1450 observed reflections on multiple film equi-inclination Weissenberg 
photographs were estimated visually by comparison with a series of stand­
ard intensities scaled as a linear function of their exposure times. 61 
Film-to-film scale factors were calculated,6 6 *5 »6 2 scaled triplicate inten­
sities were averaged,601> and structure factors were calculated6 0 0  from the 
equation:
F0 - ( — —  x I)** ,LP
where I is the relative averaged intensity. LP is the Lorentz-polarization 
correction, calculated from the expression
sine ( 1 + cos229 ) c.LP - ------------------------—  , 6 3
2 sin2 0 (sin2 8 - sin2y 
where p is the inclination angle and W is the spot-extension correction 
according to Phillips. 6 4  Estimated variances of each structure amplitude 
were computed6 in accordance with the following criteria:6 5
if I„ < m  I ^ ,  o2 (|F0 (hkl)|). [ ^ ( h k l J l l ^ m ^ C h k l ) ] 2 ;
If I„ > /io Imlri, a2( |FgChkl) |) » [I Fg(hkl) | / 20]2 , 
where Im^n is the minimum observed intensity on the reciprocal level con­
taining Iq. Cylindrical absorption corrections were applied.6 6 Atomic 
scattering factors of Hanson, eit al.6 7  were used in the structure factor 
calculations.
Intensities of the hOl and hkO integrated precession data were 
measured by a Joyce-Loeble flying-spot densitometer and corrected for
Lorentz and polarization effects. ® 0 0
The observed structure factors are listed in Table 2-2.
65
TABLE 2-2
OBSERVED STRUCTURE FACTORS OF [c2H 5NHJ 2CI>d(CN) J  .xH20
66
ZERO LEVEL PRECESSION DATA
hkO ZONE
h k 1 FO h k 1 FO
- 2 - 2 0 5252 0 4 0 2449
- 2 -4 0 3184 - 2 0 0 6984
0 2 0 1298 - 2 2 0 5286
-4 - 1 0 7579 - 2 4 0 7097
hOl ZONE
h k 1 FO h k 1 FO
0 0 -4 1671 -3 0 -3 4337
0 0 - 6 2560 -4 0 - 1 8690
0 0 - 8 3820 2 0 0 9329
- 1 0 -3 2073 - 2 0 2 8275
- 1 0 -5 2704 - 2 0 4 6162
- 2 0 0 9451 - 2 0 6 6205
- 2 0 - 2 8376 - 1 0 5 1779
- 2 0 -4 5077 0 0 - 2 703
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h k 1 F O h  k F O h  k 1 F O h k  1
_  j fln 5 4 . 0 0 _ - A 17 41 . 4 ? - ?  - 5 5 5 9 . 5 0 - 7 - i n  o
- I 9 2 5 7 . 5 5 - - 7 17 5 9 . 5 5 - 7  - 5 7 9 7 . 1 1 - 7 - 1 0  - 4
- 1 9 A 7 9 . 5 t - - 7 14 5 0  , A A - 7  - 5 7 1 4 . 4 9 - 7 - 1 1 5
- X 9 A 5 9 . OR - - 5 1 5 4 . 5 ? - 7  - 5 1 7 4  . 5 ? - 7 - 11 1
- X 9 * R AO. AA - - f l 15 5 7 . 5 1 - 7  - 5 - 1 4 4 . 7 9 - ? - 11 - 1
9 i n 4 4 . 1 4 - -9 I ? 1 « . 5 « - 7  - 5 - 5 1 1 R. OR - 7 n - 7
- 1 9 12 7 . n 5 - - i n 51 . 8 8 - 7  - 5 — 5 5 7 . 4 7 - 7 0  - 4
- 1 1 0 - A 2 5 . 7 0 - - i n 5 A? . AO - ?  - 5 - 7 5  4 . 1 1 - 7 n  - a
- X i n - 5 A 7 . R 9 - - i n A 1 5 . 9 1 - 7  - 5 - q 7 5 . 7 1 - 7 0  - 7
- X i n 5 4 5 . 7 0 - - U 0 5 5 . 9 5 - 7  - 4 fl 5 0 . 4 7 - 7 n - i n
- x i n S 5 7 . 4 0 - - 1 1 7 ?A .  4 9 - 7 - 4 A 4 4 . 9 ? - 7 1
- X i n 7 AA .  A A - - 1 1 4 7 5 . 5 ] - 7  - 4 7 4 A . R 5 - 7 1 - 5
- x 1 0 9 5 4  . 7 0 - - 1 1 A 1 7 . 5 5 - 7  - A 0 0 0 . 4 4 - 7 1 - 5
_ x 11 - 2 ? 4 . 4 9 - - 1 1 - 7 5 7 . 4 4 - ?  - 4 - I 1 5 . 7 4 - 7 I - 7
- 1 - I ? 2 2 . 7 * - - 1 1 - 4 5 4 . 0 5 - 7  - A - 7 1 0 0 . 5 ? - 7 1 - 0
- x - 1 5 51  . 1  « - 2 O X R. f lA - ?  - 4 5 1 . 4 4 - 7 1 - 1 0
- I - 1 A 41 . 9 5 - 5 0 11 . 5 1 - ?  - 4 - A 5 4 . 0 0 - 7 1 - 1 1
- x - 1 A 7 7 . 5 7 - A 0 7 4 . 7 1 - 7  - 4 - R 7 7 . 5R - 7 7 - 4
- I - 1 7 4 7  . OR - A 0 5 0 . ? 0 - 7  - 5 9 4 7  .  5 4 - 7 7 - 5
- 1 - I R 1 0 A . A R - 7 0 5 5 . 1 4 - 7  - 5 7 4 1  , 9 5 - 7 7 - A
- X - 1 1 0 9 9 . 9 5 - Q 0 AO . 1 5 - 7 - 5 5 AP .  5R - 7 ?  - R
- I - I 1 2 7 9 . AA - 11 0 5 4 . 4 7 - 7  - 5 5 R 0 . 0 4 - 7 7 - ] 0
- 1 - 1 1A 7 1  . 1 A - 0 7 7 9 . A5 - 7  - 5 1 7 7  . 4 5 - 7 7 - 1  ?
- I - I IA 7 9 .  9A - 0 5 4 9 . 7 9 - ?  - 5 - 1 4 5 . 0 0 - 7 5  —5
- I - 1 I S 5 7 . 1 0 - 0 A 7 9  . 0 4 - 7  - 5 - 5 1 0 4 . 9 1 - 7 5  - 7
- x - 7 4 7 7 . A n - 0 A 4 1  . 0 ? - 7  - 5 - A 7 5 . 0 5 - 7 5  -O
- I - 7 s 5 0 . 1 9 - 0 7 A 5 . 7 5 - 7  - 5 - 5 5 0 , RO - 7 5 — 1 1
- x - 2 f 2 A . 7 A - 0 9 1 7 4 . 7 4 - 7  - 5 - 7 I f f . 7 7 - 7 5 - 1 5
- X - 2 9 9 5 , 9 7 - n I 7 5 . 7 0 - 7  - 5 - 9 ? 4 . ? 7 - 7 A -A
• x —2 i n 7 1  . 5 5 - 0 15 4 9 . 1 5 - 7  - A R 5 4 . 5 4 - 7 4  - A
- X - 2 11 5 5 . 4 5 . 0 1 4 7 0 .  IR - 7  - A A 41  . 4 7 - 7 4  - f l
- x - 7 15 1 1A . 7 1 - n 15 1 4 1 . 7 7 - 7  - A A 4 1  . 7 9 - 7 4 - 1 0
- I - 2 i s 1 1 7 . 7 7 - n 17 AO.  4 9 - ?  - A 2 5 9 . 9 0 - 7 4 - \ 4
- x - 2 1 7 7 0 . R 5 - n 19 4 9 . RO - 7  - A 0 ’ 5 9 . 5 7 - 7 5 - 5
- 1 - 2 l«» A A . A 2 - 1 - 5 1 R . 1 1 - 7  - A - 7 5 0 . AO - 7 5 - 7
- I - 5 A 2 7 . 5 0 - 1 - 4 5 4 .  ?A - 7  - A > 4 ? 4 . ? 4 - 7 5 - 9
A 7 0 . 0 9 - I 1 7 4 . 2 5 - 7  - A - A 1 9 . 5 0 - 7 5 - U
- 1 - 5 7 1 5 . 2 S - l 2 A R . 5 A - 7  - A - R ? n . O A - 7 5 - 1 5
- X - 5 9 2 A . A O - 7  - 7 9 ? 4 .  ?fl - 7 A - A
•  x - 5 in A 5 . 4 5 - 7  - 7 7 71 . 7 4 - 7 A - A
- I - 5 1 2 5 7 . ?A seal* group 4 - ?  - 7 5 7 0 . R4 - 7 A - R
- X - 5 1 A 9 A . 2 0 - 7  - 7 5 A 7 . ? 5 - 7 A - 1 0
- 1 1A A 9 . A 7 - ? - I 5 0 9 . 7 7 - 7  - 7 1 4 7  . 9 9 - 7 4-1?
- 5 Iff AA . 0 4 - ? - 1 - 1 7 5 . 4 0 - ?  - 7 - I 5 7 . R 1 - 7 7 - 5
- 1 5 ? 5 . 4 5 - - 1 - 7 7 A . ? A - 7  - 7 - 5 5 0  . 4 5 - 7 7 - 5
- x A 1 9 .  5 0 - - I - 5 5 4 . 0 7 - ?  - 7 - 5 4 9 . 7 0 - 7 7  - 7
- 1 —A 7 5 7 .  AA - - 1 - A 4 9 . 5 ? - 7  - R R 5 5 . 0 1 - 7 7  - 9
- I 11 2 7 . 9 9 - - 1 - 7 7 7 . 4 5 - 7  - A A 7 4 . 5 1 - 7 7 - 1 1
- 1 —4 15 4 7 . 5 ? - - 1 - 0 1 9 . 5 0 - 7  - A 4 51 . 7 R - 7 7 - 1 5
- x —A 15 A A. RA - - 1 - 9 41  . 5 4 — 7 - P 7 4 0 . 1 5 - 7 fl - 7
- I - A 17 4 5 . ? ? - - I - 1 5 7 0 .  ] ? - ?  - f l 0 7 0 .  17 - 7 R - A
- X - 5 A 71  . 7 A - - 7 A 51 .44 - 7  - A - 7 4 7 . 7 0 - 7 A -A
- 1 - 5 7 2 5 . 5 5 - - 7 4 7 4 . 7 7 -7  -0 - 4 5 4 . 7 4 - 7 A - R
- 1 -<5 R 5 7 . 0 4 - - 2 5 5 0 . 0 4 - ?  - P - A 1 9 . 4 4 - 7 A - 1 0
- I - 5 m 5 4 . 0 0 - - 7 7 5 0 . 5 9 - 7  - 9 7 57  . 0 ? - 7 R— 1 7
- X - 5 n 7 0 . 1A - - 7 5 7 . 4 9 - 7  - 9 5 49 ,4« -7 9  - 1
- 1 - 5 12 4 9  . 7 4 - -7 0 OR .  44 - 7  - 9 5 4 9 . 4 ] - 7 9  - 5
- I - 5 1A A 5 .  4  A - -7 -7 4 0 . 7 4 - 7  - 0 1 77 .79 -7 9  - 5
- I - 5 1A 4 4 . 9 9 - -7 - 5 1 9 . 4 0 - 7  - 9 - 1 57 .90 - 7 9  - 7
- 1 —A 7 7 7 . 4 ] - - 7 -4 AO.?4 - 7  - 9 -5 5 0 . 1 0 - 7 9 -9
- 1 - A 11 7 4 . 4 5 - - 7 - A 4 0 . 1 7 - ?  - 9 — 5 1 8 . 7 7 - 7 10 - ?
- 1 - A n 5 9 . 7 4 - - 7 - R 54 .59 - ? - | n A 4 5  . 9 0 -7 1 0  - 4
- 1 - A i 5 7 0 . 4 4 - - 7 - 1 0 1 0 . 4 7 - 7 - 1 0 4 47.9? -7 i n  —4
- I - A 15 ■ * 7 . 0 5 “ - 5 7 5 5 . 1 5 -7-10 7 4 9  .  Q 5
FO h k I FO h k 1 FO h k 1 FO
14 .07 -7 5 I inn.AR -7 -5 9 45.07
74.7? -7 5 5 R7.07 -7 -fl 1 1 57.59
50.75 -7 5 5 90.40 -7 -5 15 50.5?
19.50 scale group 5 -7 5 7 55.71 -7 -5 15 57.40
?1. in -7 4 9 7R.71 -7-4 A 1 19.77
115.57 _ i -5 151 .70 -7 5 1 1 70.01 -? -4 R R 9 .79
71 .75 _ i -4 11.55 -7 A-R 170.74 -7-4 m 40.74
74.R4 _ i -5 155.50 -7 4 -4 99 .40 -7 -4 14 50.7570.5? - i 7 77 ,4R -7 A-7 95.70 -7 -5 5 175.90
50.95 - i 5 51 .9? -7 A 0 97.71 -7 -5 7 97.59
70.47 - i 4 70.17 -7 A 7 44.17 -7 -5 1 1 77.7997 .on - i 5 74.?l -7 A 4 4R.0? -7 -5 15 78. 10
07.74 - i 7 1OA.4A -7 A A 19.77 -? -fl 17 78.9?
115.71 - i 9 R5.?o -7 4 R 47.R5 -7 -4 A 4A.0R57.45 _ i 11 75.OR -7 A m 19.77 _? -4 fl 11R•40
1 R .1 o _ i 15 57. 74 -7 7 -7 177.97 -7 -4 I? 44. R977.04 - i 1.5 19.4] -7 7 -5 179.59 -7 -4 IA 5o.?r
9 A . 40 _ 7 -A fl fl . 04 -7 7 -1 50.75 -7 -4 14 70.5R
14.4? _ 7 -5 70.15 -7 7 1 70.57 -? -7 5 177.47
5H.74 - 7 -4 157.55 -7 7 5 50.77 -7 -7 7 177.17
44 . 50 - 7 -7 47.54 -7 7 5 55.04 -7 -7 1 1 95.09
57.79 _ 7 -1 4 4 . fl fl -7 7 15 77.00 -7 -7 15 4R.R?74.4R _ 7 0 109.94 -7 0 “5 RA .45 -7 -7 1 5 50.97
50.7? _ 7 70.00 -7 R -4 55.44 -7 -fl A A 1 .50
47.14 - 7 7 94.44 -7 fl -1 70.0? -7 -R A AO.75
44. q7 - 7 5 70.50 -7 A 0 51 .47 -7 -R R 40.A5
47.94 - 7 4 91 .44 -7 R 7 40. 1 5 -7 -R 1 n 55.IR
19.95 - 7 A 40.A? -7 R 4 54.]9 -7 -R 1? 45.5144.00 - 7 R A9.59 -7 R A 19.15 -7 -A 14 55.95
57.04 - 7 m 57.0? -7 R 1? 75.70 -7 -9 5 77.on
45.44 - 7 i 19.75 -7 9 -5 RR .99 -? -Q 5 117.55
74.5? - 7 i? 54.45 -7 9 -5 AR.5A -? -9 7 AA.45
79.01 - 7 14 54.4? -7 9 1 R0.5R -7 -9 9 54.04
77.55 - 7 1A 50.00 -7 9 5 45.54 -7 -9 11 51.7754.24 - 5 -7 05 . 7 1 -7 9 5 77.IR -7-10 7 04.09
59.75 - 5 -5 74.9? -7 10 -7 41 . A9 -7-10 A 94.77
51 .57 - fl -5 99.50 -7 1 0 0 57 .95 -7-10 4 07 .57
79.05 - A -1 157.7R -7 0 5 9.55 -7-10 R 59.44
54.70 - 5 107.95 -7 0 4 I 10.44 -7-10 in AO. 45
47.75 - 5 7 1 5.79 -7 0 5 7 7.09 -7-11 -i 47. A?
R5.70 - 5 5 114.54 -? 0 A 154.97 -7-11 44. R?
?4.14 - 5 5 175.R7 -7 0 7 14.09 -?-ll 5 A0.5R
51 .14 - 5 7 A1 .41 -7 0 R 15.7754. A1 _ 5 9 54.07 -7 n 9 54.17
94.54 - 5 U 19.75 -7 0 in 74.75 scale group 671.14 - 5 17 55.40 -7 0 I? 19.50A? . 1 R - A -8 44 .55 -7 -1 7 71 .55 -5 -1 5 10.4?
55.9? - 4 -A RA.79 -7 -1 5 1 14.45 -5 -1 7 51 .70A] .O? - 4 -7 109.54 -7 -1 A 15.05 -fl -i -1 17.5754.59 - 4 0 104.95 -7 -1 7 140.40 -5 -1 -7 9.94
74. 17 - 4 77.45 -7 -1 A 15.54 -5 -1 -4 74.5947.51 - 4 7 174.09 -7 -1 9 141.49 -5 -1 -5 5?.?9A 5 . 5 ? - 4 5 45.01 -7 -1 t 1 57.57 -5 -1 -A 40.7745.4A - 4 4 15.70 -7 -1 1̂ 4 1 . 5 R -5 -) -0 47.0?59.70 - 4 5 70.45 -7 -7 4 100.50 -5 -1 -9 17.7454.5? - 4 A 54.75 -7 -7 5 15.57 -5 - - in 40.1744.74 - 4 R 50 .40 -7 -7 4 05 .OR -5 - - 1 ? 55.0451 .54 - 4 10 1 9.77 -7 -7 R 47.49 -5 _i 1 4 75.OR40.45 - 4 tA 50.70 -7 -7 1 o 44. 1 5 -fl _ _14 77 .705?.?4 - 5 -9 90 .09 -7 -7 1 7 50.41 -5 -I - 1« 75.9754.74 - 5 -7 149.?R -7 -7 1 4 47.40 -5 -7 5 ?fl .0444 .10 - 5 -5 154.41 -7 -5 5 70.14 -5 -? 4 17.4145.70 - 5 -  7 144.74 -7 -5 A 14.fl? -5 -7 5 70 .07
- 5 -1 100.41 -7 -5 7 95.44 -5 -7 7 15.55 0s-.
1
h k I FO h k 1 FO h k 1 FO h k 1
-? I ?o.77 _ -p i 19.70 -3 0 -7 37 . ftft -3 A 3
_3 -? -1 10.44 _ -R -1 30.on _ -i o -c 40 . 70 _ 3 4 7-3 -7 -3 37 .43 - -fl — 3 ftp ,n« -3 n-1 1 77 . PC -3 4 q
-3 -? -3 47 .Oft - -ft -3 ft P . ?3 -3 0-1 3 74.17 _ 3 4 11-3 -7 -7 39.op - -P -7 ft 4 . p 7 -3 0-1 s 43.93 — 3 i 3_3 — 7 -0 3 1 .03 - -P -Q 40 . 1 3 — 3 0-17 73.70 — 3 4 1 ft
-7-11 SO.3ft - -ft-1 1 47.0ft -3 4 1 7_3 -?rl 3 4] .Sq _ —q ? 37 .03 -3 ft -7-3 — 7—1 3 34.qft - -q -7 3ft .73 scale group 7 -3 ft -3-3 -7-17 31 .M - -Q -ft 70.4ft -3 ft -7-3 -3 fl 37 10 - -Q -ft 44.77 _ 5 1 -ft 43 .94 -3 ft 1
-3 A i s.o3 - -Q -P 33 .40 -3 1 -4 1 ft . 40 -3 ft ?-3 -3 3 14.AO - —q—1 0 77 .71 -1 1 -1 10.01 -3 ft 4-3 -3 7 13.SI - -in s 1 4.7S _3 1 1 71 .13 — 3 ft A-3 -3 1 17.37 - -10 3 ?ft .47 -3 1 ? 34 . ft 0 -3 ft fl-3 -3 -\ 7ft .qft - -in i IS.7] -3 1 4 ft 7 . n ft -3 ft IO-3 -3 -? P4.04 - -in -1 33.03 -3 1 s 7® .4? -3 c 1?-3 -3 -3 13.37 - -in -3 3ft .40 -3 1 ft 37.70 -3 ft1 4-3 -3 -4 14.31 - -in -3 33.17 -3 1 0 7ft . 47 -3 ft 1 A-3 -3 -ft 43.01 - -10 -7 3ft.7ft -3 1 lo ft 1 .4ft -3 ft -3-3 -3 -R 47 .q 1 - -11 7 1 ft 33 -3 1 17 1lO.ftQ — 3 A 1-3 -3-10 4ft. Q3 - -11 -7 71 .IS -3 1 14 ft O . 7 P -3 ft 3-3 -3-17 47.33 - 1 -3 73.07 -3 1 1ft 77.13 -3 A ft-3 -3-14 3ft.PI - 1 -4 1 7 . ft 3 -3 1 1» 4ft.99 -3 ft 7-3 — 3— I ft 33.PI - 1 -3 77.30 -3 7 -7 43.33 -3 ft 9-3 -4 7 21 .44 - 1 -ft 70.01 -3 7 -s 74 .ft? _fl A 1 1-3 -4 1 30. PI - 1 -7 13. 04 -3 7 -4 1 3.P0 -3 ft13
-3 -4 -I 31 .OP - I -P 77.01 -3 7 -7 17.3ft -3 ft13-3 -4 -7 70 . flq - i -q 17. q? -3 ? -1 11 .00 -3 7 -7-3 -4 -3 3ft.qft - 1-10 30.4? -3 ? 1 4ft .33 -3 7 7-3 -4 -A Aft . P 3 - 1-1 7 73.01 -3 7 7 ?3 . ft 1 -3 7 4-3 -4 -7 43. A9 - 1-14 30.03 -3 7 3 17.49 -3 7 A-3 -4 -q 4ft.P7 - 1-lft 70.ftP -3 7 4 1ft.44 -3 7 P-3 -4-11 SS.ftq - 1-lft ? 3 . P 7 -3 7 3 7 0.4? — 3 7 10-3 -4-13 37.34 - 7 -3 17.07 -fl 7 7 « 0 . 7 4 -3 7 1 7-3 —4 — 13 37.q3 - 7 -7 3 S . ft 3 -3 ? o 1 1O.Qft -3 7 1 4-3 -4-17 ?0.?7 - 7 -q 31.90 -3 ? I 1 113.00 -3 « 1-3 -3 ft 1R.13 - 7-11 77.P? -3 7 17 47 .ftft -3 a 3-3 -3 -1 37.71 - 7-13 SO. 1 ft -3 7 13 ftft . 4ft -3 « ft—3 -? Aft.IP - 7-13 3ft .43 -3 7 1 4 1 9.OP -3 P 7-3 -3 -4 ao. so - 7-17 30 . ft ft -3 7 1 ft 107.ftP -3 p 0-3 -ft 37.10 - 3 -ft 1 ft ,7A -3 7 17 ft ft . 40 -3 p 1 1-3 -3 -ft ft? • 1 ft - 3 -ft 77.40 -3 3 -P 33.74 -3 0-4-3 -3-in 34.?P - 3-1 0 33. q? — 3 3 -ft 7 p . 7 0 -3 9 -7“■* -3-1? 43. 33 - 3-| ? 34.0ft -3 3 -ft 19.37 -3 Q 7-3 -3-14 77.4ft - 3-14 43 .fl? -3 3 -3 I 4.43 -3 a 4-3 -3-lft 7ft.l3 - 3-lft 34.7P -3 3 -7 30.4 1 -3 Q A
-3 -3 1 ?3.34 - 4 -7 ?ft.3K -3 3 -1 1 P . 0 1 -3 q 0-3 -ft -1 43. qs - 4-1 1 31 .13 -3 3 1 13.73 -3 lo -3-3 -ft -3 33.33 - 4-13 7 8 . 71 -3 3 ? 77.19 -3 1 0 -1-3 -ft -3 33.q3 - 4-13 31 .74 -3 3 3 74.07 -3 in 1-3 -ft -7 34.?0 - 4-17 1ft.14 -3 3 4 Sft .37 -3 10 3“3 -ft -q 41 .73 - s-m 30.9ft — 3 3 ft 44.47 -3 -1 7-3 -ft-11 A3.3ft - 3-1 7 1 8 .03 -3 3 P Mft .47 _3 -1. 3-3 —ft— I 3 40.33 - 3-14 31 .31 -3 3 1.0 1 1ft.°1 _ 3 -1 ft-3 —ft—13 37.70 - 3-lft 1ft.43 -3 3 \7 P 1 . 0 4 -3 -1 A-3 -7 ? 73. PS - ft— 3 30.33 -3 3 ) 4 07.1? -3 -1 7-3 -7 -7 30.30 - -7 0 ?7.1ft _ 3 8 1ft 73.07 -3 -1 P-3 -7 -4 Sft.PS - -3 0 17.33 -3 3 IP 44 . 4 ? -3 -1 1 0-3 -7 -ft 33.33 - -3 0 7 0.17 -3 4 -7 4 y . 77 -3 -1 1 ?-3 -7 -ft 37 .40 - -q n 33.47 -3 4 -1 41.11 -3 -I I**
-3 -7-10 ft ? .Q? - -11 n 77.70 -3 4 1 3 7.37 -3 -1 1 ft-3 -7-1? 31 .33 - 0 -3 43.3 3 -3 7 41 .47 -3 -1 1 0
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The title compound has the chemical composition CgHigNgPd'Xl^O. 
The molecular weight of the dehydrated species in 302.7; the number of 
water molecules of crystallization remains undetermined. The unit cell is 
triclinic, the space group being either Pi or Pl.^The cell parameters are 
the following: a = 7.391(8)R, b = 9.054(9)A, c - 15.39(2)&, a - 90.87(4)°,
8 = 92.51(4)°, y = 84.67(4)°. The linear absorption coefficient y(Cu-Ka)
= 152cm * and varies slightly according to the number of water molecules 
present. For four CgHjgNgPd formula units in the unit cell (Z = 4), D^ =
1.96g/cc, but the precise calculated density is dependent on the number 
of water molecules. The experimental density was not measured because of 
the scarcity of sample available.
STRUCTURE DETERMINATION AND DISCUSSION
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Three projection Patterson maps generated from zero-level 
observed structure factors measured on film (Figures 2-4a,b,c) show 
clearly the relative positions of the Pd's and CN groups and indicate that 
the spacing between the Pd atoms along the a direction is one-half the 
a cell dimension, or 3.70&. The Okl projection Patterson lies nearly in 
the plane of the molecule; hkO and hOl projection Pattersons reveal that 
planes stack one above the other, but that these planes are inclined 
slightly rather than being exactly perpendicular to the a axis. In pro­
jection, the cell appears to be pseudo-body-centered. Refinement of two- 
dimensional data in the Okl zone proceeded to an unweighted R value of 26%.
The intensities of the three-dimensional film data conform 
with the pseudo-body-centering. Reflections for which h + k + l = 2 n + l  
are extremely weak or absent. However, a Fourier synthesis placing 
[pdCCN),^2- groups only at the body-centered positions (0 ,0 ,0 ) and (*5,*5 ,*5) 
gave an R value of 40.0% and the resulting difference map contained large 
peaks at (0 ,*5 ,*s) and (*$,0 ,0 ) , indicating that heavy metal atoms were pres­
ent also at these positions. The only body-centered model conforming with 
the data in one which includes two intersecting body-centered lattices of 
Pd atoms. This model is illustrated in Figure 2-5. One lattice has 
equivalent Pd's at (0,0,0) and (*5 ,*s,*s). The second lattice has equivalent 
Pd's at (*5 ,0 ,0 ) and (0 ,*$,*5). This model has a Pd-Pd spacing of %a along 
the needle axis.
It must be immediately noted that these are relative Pd po­
sitions. The Patterson map offers no information about the location of 
the origin for a triclinic system. If the space group is PI, the location
FIGURE 2-4
PROJECTION PATTERSON MAPS OF THE







INTERSECTING BODY-CENTERED LATTICE MODEL 
OF [c2H 5NH3] 2 [Pd(CN)lJ *3dl20 . FOR CLARITY 
ONLY THE Pd ATOMS ARE SHOWN. THE CLOSED 
CIRCLES REPRESENT THE Pd LATTICE WITH ORI 
GIN AT (0,0,0); THE OPEN CIRCLES, THAT 




of the origin is completely arbitrary. If, however, the space group is 
Pi, the center of symmetry allows only a very few possibilities. It was 
assumed that the space group was Pi. (The existence of the center of syn- 
metry is generally proven or disproven during the final stages of refine­
ment (R=10%) by removing the constraint and "nudging" all atoms slightly 
away from their symmetry related positions. Both the centrosymmetric and 
non-centrosymmetric model are then refined further and tested to determine 
which is valid.)
Six models of the title compound were tested using block diag­
onal least squares refinements6 0 0  and the atomic coordinates for each are 
listed in Table 2-3. Models 1 through A were tried first in an attempt 
to define the origin properly, but all refinements proceeded smoothly to 
R values between 26% and 28%, at which stage the atomic coordinates and 
temperature factors and R values would begin oscillating within small 
ranges. It was thought that the refinement might be aided by replacing 
one set of equivalent Pd atoms (Pd3 and Pd4) with Ru atoms during the 
refinement (Model 5). Ru has atomic scattering factors which are very 
nearly the same as those of Pd, so this in essence assured that the 
unequivalent Pd atoms were treated as such by the block-diagonal least 
squares program. However, this refinement also proceeded no farther than 
R = 27%. Model 6 was the last attempted. This model is based on Ledent's 
model for Na2 [pd(CN)lf] *3H2 0 , 1 9 which was discovered to have a projection 
Patterson map almost identical to that of the Okl zone of the title com­
pound. This model was abandoned when it would not refine below R = 35%. 
Attempts to account for small peaks remaining on the difference maps of 
any of these models by adding 0 atoms or ethylammonium C atoms in those 
positions always increased the R value.
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TABLE 2-3
ATOMIC COORDINATES OF THE SIX TRIAL MODELS OF [ c ^ N H j  2 [Pd(CN) J  .xH20 
NOTE THAT y' (AS DEFINED IN FIGURE 2-1)
IS EQUAL TO 0° IN ALL OF THESE MODELS.
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M O D E L 0  N 2
ATOM X Y Z ATOM X Y Z
Pdl 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 Pd2 0 . 0 0 0 0.500 0.500
Cll 0.057 0.194 0.025 C21 0.057 0.594 0.525
Nil 0.006 0.316 0.039 N21 0.006 0.816 0.539
C12 0.024 -0.206 -0.041 C22 0.024 0.294 0.459
N12 -0.006 0.684 -0.048 N22 -0.006 0.184 0.452
C13 0.017 0.028 0.143 C23 0.017 0.528 0.643
N13 0.024 0.047 -0.228 N23 0.024 0.547 0.272
C14 -0.017 -0.050 0.137 C24 -0.017 0.450 0.537
N14 -0.058 -0.072 0.213 N24 -0.058 . 0.428 0.713
N1 0.250 0.750 0.250 CIA -0.191 0.603 0.123
N2 0.250 0.250 0.750 C2A -0.224 0.097 0.628
N3 0.250 0 . 0 0 0 0.500 C3A 0.228 -0.094 0.372
N4 0.250 0.500 0 . 0 0 0 C4A 0 . 2 2 0 0.394 0.135
01 0.250 0.250 0.250
0 2 0.250 0.750 0.750
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M O D E L T W O
ATOM X Y Z ATOM X Y Z
Pdl 0.250 0.250 0.250 Pd2 0.250 0.750 0.750
Cll 0.209 0.456 0.283 C21 0.298 0.956 0.786
Nil 0.239 0.572 0.290 N21 0.302 0.075 0.810
C12 0.291 0.044 0.217 C22 0 . 2 0 2 0.544 0.714
N12 0.261 0.928 0 . 2 1 0 N22 0.198 0.425 0.690
C13 0.250 0.287 0.105 C23 0.228 0.787 0.603
N13 0.291 0.309 0.030 N23 0.324 0.834 0.548
C14 0.250 0 . 2 1 2 0.395 C24 0.272 0.713 0.897
N14 0.209 0.191 0.470 N24 0.176 0 . 6 6 6 0.952
N1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 N5 0.500 0 . 0 0 0 0.500
N2 0.500 0 . 0 0 0 0 . 0 0 0 N6 0 . 0 0 0 0.500 0.500
N3 0 . 0 0 0 0 . 0 0 0 0.500 N7 0.500 0.500 0 . 0 0 0
N4 0 . 0 0 0 0.500 0 . 0 0 0 N 8 0.500 0.500 0.500
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M O D E L T H R E E
ATOM X Y Z ATOM X Y Z
Pdl 0.250 0.250 0.250 Pd2 0.250 0.750 0.750
Cll 0.209 0.456 0.283 C21 0.298 0.956 0.786
Nil 0.239 0.572 0.290 N21 0.302 0.075 0.810
C12 0.291 0.044 0.217 C22 0 . 2 0 2 0.544 0.714
N12 0.261 0.928 0 . 2 1 0 N22 0.198 0.425 0.690
C13 0.250 0.287 0.105 C23 0.228 0.787 0.603
N13 0.291 0.309 0.030 N23 0.324 0.834 0.548
C14 0.250 0 . 2 1 2 0.395 C24 0.272 0.713 0.897
N14 0.209 0.191 0.470 N24 0.176 0 . 6 6 6 0.952
Nl 0 . 0 0 0 0 . 0 0 0 0.050 0 1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
N2 0 . 0 0 0 0.500 0 . 0 0 0 0 2 0 . 0 0 0 0.500 0.500
N3 0.500 0 . 0 0 0 0.500 03 0.500 0.500 0.500
N4 0.500 0.500 0 . 0 0 0 04 0.500 0 . 0 0 0 0 . 0 0 0
N5 0 . 0 0 0 0.250 0.750 CIA 0.059 0.853 0.373
N6 0 . 0 0 0 0.750 0.250 C2A 0.026 0.347 0.878
N7 0.500 0.250 0.750 C3A 0.478 0.156 0.622
N 8 0.500 0.750 0.250 C4A 0.470 0.644 0.115
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M O D E L F 0 U R
ATOM X Y Z ATOM X Y Z
Pdl- 0.250 0.500 0 . 0 0 0 Pd2 0.250 0 . 0 0 0 0.500
Cll 0.193 0.694 0.025 C21 0.281 0.194 0.528
Nil 0.256 0.816 0.039 N21 0.285 0.331 0.559
C12 0.274 0.294 0.959 C22 0.189 0.781 0.455
N12 0.244 0.184 0.952 N22 0.181 0.662 0.441
C13 0.267 0.528 0.857 C23 0 . 2 2 2 0.050 0.361
N13 0.274 0.547 0.772 N23 0.341 0.097 0.292
C14 0.233 0.450 0.137 C24 0.256 0.959 0.639
N14 0.193 0.428 0.214 N24 0.193 0.909 0.694
N1 0 . 0 0 0 0.250 0.250 0 1 0 . 0 0 0 0.250 0.750
N2 0.500 0.250 0.250 0 2 0.500 0.750 0.250
N3 0 . 0 0 0 0.500 0.500 CIA 0.059 0.103 0.123
N4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 C2A 0.026 0.597 0.628
N5 0.500 0.500 0.500 C3A 0.478 0.406 0.372
N6 0.500 0 . 0 0 0 0 . 0 0 0 C4A 0.470 0.894 0.865
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M O D E L F I V E
ATOM X Y Z ATOM X Y Z
Pdl 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 Pd3 0 . 0 0 0 0.500 0.500
Pd2 0.500 0.500 0.500 Pd4 0.500 0 . 0 0 0 0 . 0 0 0
Cll -0.018 0.205 0.035 C21 0.045 0.951 0.124
Nil 0.018 0.322 0.043 N21 0.070 0.867 0.164
C12 0.463 0.289 0.469 C22 0.570 0.558 0.381
N12 0.426 0.176 0.453 N22 0.568 0.589 0.302
C13 0.038 0.729 0.552 C23 0.069 0.560 0.388
N13 0.083 0.834 0.587 N23 0.083 0.606 0.324
C14 0.478 0.226 0.042 C24 0.539 0.950 0.129
N14 0.491 0.357 0.070 N24 0.584 0.908 0.189
N1 0.318 0.261 0.234 0 1 0.250 0 . 0 0 0 0.500
N2 0.304 0.751 0.267 0 2 0.250 0.500 0 . 0 0 0
N3 0 . 2 2 0 0.241 0.740
N4 0.198 0.753 0.757
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M O D E L S I X
ATOM X Y Z ATOM X Y Z
Pdl 0.750 0 . 0 0 0 0 . 0 0 0 Pd3 0.750 0.500 0.500
Pd2 0.250 0.500 0.500 Pd4 0.250 0 . 0 0 0 0 . 0 0 0
Cll 0.771 0.171 0.023 C21 0.801 0.951 0.128
Nil 0.735 0.345 0.062 N21 0.819 0.842 0.138
C12 0.254 0.295 0.472 C22 0.289 0.567 0.392
N12 0 . 2 0 0 0.186 0.453 N22 0.302 0.637 0.332
C13 0.753 0.725 0.541 C23 0.805 0.553 0.386
N13 0.827 0.836 0.527 N23 0.790 0.627 0.317
C14 0.243 0.227 0.037 C24 0.293 0.975 0.141
N14 0.238 0.348 0.073 N24 0.320 0.873 0.133
0 1 0.579 0.601 0.137 Nl 0.516 0.760 0.248
0 2 0 . 0 2 2 0.609 0.144 N2 0.804 0.439 0.180
03 0.491 0.286 0.231 N3 0.706 0.084 0.316
04 0.014 0.278 0.248 N4 0 . 0 0 0 0.500 0 . 0 0 0
05 0.503 0.918 0.379 N5 0 . 0 0 0 0 . 0 0 0 0.500
0 6 0.006 0.907 0.376
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This inability to refine the structure, coupled with the ear­
lier failure to collect acceptable diffractometer data, seem to indicate 
the presence of some unusual feature affecting this particular compound.
The crystal used for data collection was clear, nicely formed, and extin­
guished light equally under the polarizing microscope. A close examination 
of Weissenberg and precession photographs revealed no lattice defects, such 
as disorder streaking. On four levels of Weissenberg photographs, there 
are less than a dozen extraneous spots. The Weissenberg photographs do 
include some very faint "satellite peaks," but these, like the lattice 
itself, are regularly spaced and do not interfere with visual judging of 
spot intensities. The crystal was, both visibly and under X-ray examina­
tion, a good specimen for study. The problem is more elusive.
It has been observed from most of the literature on nickel, 
palladium, and platinum complexes of this type that more than one hydrated 
form of the cyano compound may exist. When most crystals lose or gain 
waters of hydration, there is a visible change in the physical nature of 
the compound —  often a loss of crystallinity, However, if the crystal-
linity were retained, how would the loss or gain of water molecules affect
the crystal structure and subsequently, the diffraction pattern?
There are two ways in which the number of water molecules
within the crystal may vary. Both depend on the rate and extent of ex­
change of water between the crystal and the environment. First, lattice 
sites at or near the surface will exchange rapidly and exhibit a variation 
of water content in time. Second, the number of water molecules will also 
vary with depth in the crystal. Therefore, contributions from both of 
these factors will be expected to cause a continuous variation in struc­
ture.
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Given a large change in the number of water molecules, the 
lattice would shrink to fill the voids or expand to alleviate crowding. 
This in turn would affect the lattice parameters and the positions of the 
diffraction maxima. Such a phenomenon was observed in the diffractometer 
data of the title compound. Rather than remaining centered, the peaks are 
shifted slightly to either side of the scan center in the recorder output 
of the reflection scans. These shifts to higher and lower 20 values are 
indicative of small changes in the lattice spacing. Also, if the number 
of water molecules in the lattice varies with time, the intensity of re­
flections containing contributions from the water molecules would also 
fluctuate. Figures 2-2a, b, c are graphs of the intensities of standard 
reflections recorded at regular intervals during the data collection.
The extreme variation in intensities strongly Implies that the contribu­
tion to each reflection was ever-changing. Another indication of a chang­
ing lattice is the appearance of second peaks as Illustrated in the rep­
resentative diffractometer recorder output in Figure 2-3. These second 
peaks are much too intense to be the faint satellites observed on film 
and imply the existence of multiple phase contributions to the diffraction 
pattern from the changing water content at different depths in the crystal 
or a subtle deterioration of the crystal itself.
The film data provides evidence for the same theory. Inabil­
ity to completely refine the structure would be expected if the lattice 
were contracting and expanding. H 2 0  - oxygen sites would be of indeter­
minate electron density and bulky ethylammonium groups would possibly be 
shifted in position as water molecules entered and vacated sites in the 
lattice. The [pdCCN)^2- groups would be rigid enough to be only slightly 
affected by lattice distortions. Extracting precise CN - carbon and CN -
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nitrogen coordinates would be hindered by high noise level in the Fourier 
series. It would not be expected that the R value would drop below 20%.
Independent evidence which bears on these conclusions also 
exists. Immediately prior to collecting the diffractometer data of the 
title compound (compound I), an attempt was made to collect data on 
K 2 [Pt(CN)lf]Bro 3 »xH20 (compound II), a Krogmann's salt2 5 * 6 8 - 7 1  which is 
structurally similar to the title compound. On the diffractometer, com­
pound IT behaved in exactly the same manner as JC: standard intensities 
fluctuated, positions of peaks shifted, and new peaks appeared. The study 
of 1 1  ̂ as abandoned, and when 1  ̂behaved similarly, diffractometer trouble 
was suspected (as stated earlier) and a film study of I was begun. When 
the electronic and mechanical components of the diffractometer were found 
stable and the structure of I could not be refined, the "shrinking lattice" 
theory was developed as explaining the odd behavior of both compounds.
A few months after this theory was developed, Cahen published 
the results of a study of "the stability of K2 [Pt(CN)JCl0 3 *xH20 in wet 
and dry atmosphere(s) . " 7 2 X-ray powder diffraction studies of both hy­
drated and dehydrated cells indicated that the compound actually exists 
as a series of hydrates and that "the variation in water content is prob­
ably the cause of the variety of unit cells observed (simultaneously)." 
Furthermore, dehydration causes the b and c directions to shrink (the a 
direction is along the chain of Pt atoms and H 2 0  groups are between the 
chains) and rehydration results in a variety of b and c parameters. Also, 
the slightly larger unit cells even contributed extra peaks, which sup­
ports the explanation of the "double peaks" encountered in some of the 
diffractometer scans of 1̂ and II. Cahen'8 observations agree so well 
with the problems encountered with 1  ̂and TI that one is tempted to regard
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as suspect any of the results of structural studies of these of compounds 
which are based on projection data only and which have high final R values.
Even considering the difficulties encountered and the incom­
pleteness of the structural results, it is possible to relate information 
obtained about the orientation of the jjPdCCN)^]2- groups in 
[^HjNHgJ21^ ( 0 0 ^ 3  to Musselman's spectral observations. 1 His study
involves the out-of-plane transitions of the series Mg|jPd(CN)it] *3.5H2 0, 
Ba[pd(CN)j*] *4H2 0, Rb2 [Pd(CN) J  *^0, [c2HsNH3] 2 [pd(CN) ij-3dl2 0  and the lowest 
allowed solution transition of [PdCCNjjJ 2~. As the overlapping spectra 
in Figure 2 -6 ? 3 illustrate, there is an apparent recession of the out-of­
plane band back into the solution band as the Pd-Pd distance increases.
The solid state band has been assigned as an A -► A „ transition. Thelg 2U
a2 u îr*̂  orbital which is probably associated with the excited
state has considerable metal p (z is the needle axis) as well as ligand 
7T* contributions and the solid-state effect has been shown to be related 
to the planar stacking. In the series of compounds studied by Musselman, 
the out-of-plane transition of the ethylammonium salt was lower in inten- 
sity and higher in energy than the solid-state transitions for the Mg ,
J | | |
Ba , and Sb2 salts;it most closely approached the solution spectra.
The single-crystal X-ray diffraction results of this study indicate that 
the [pdCCN)^2- groups in the ethylammonium salt are not stacked exactly 
perpendicular to the chain axis, but are slightly inclined to the perpen­
dicular. This decreases the overlap of the pz orbitals even more than 
would be expected by expanding the Pd-Pd distance and approaches the
solution situation in which there is no p overlap, thus supporting thez
theory that the out-of-plane spectral transition evolves from the solution 
band. A similar study by Anex and Krist of the solution and solid-state
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FIGURE 2-6
"OUT-OF-PLANE TRANSFORMED ABSORPTION SPECTRA
OF Mg[pd(CN) J  »xH20 ------- , Ba[pd(CN) J*4H20
 > Rb2 [pd(CN) J - H 20 ---------,
[C H Nh J  [pd(CN) ]-xH 0 ------- , AND Pd(CN) 2“2 5 3̂  2 2
SOLUTION  , SHOWING THE APPARENT GROWTH
OF THE SOLID-STATE BAND OUT OF THE SOLUTION 
BAND AT ^42kK AS STACKING DISTANCE DECREASES:









spectra of Ni(II) glyoximates produced much the same conclusions. 7 4  
However, these conclusions were strengthened by the inclusion in the study 
of compounds with Intermediate metal-metal distances. It is suggested 
that Musselman's study of Pd compounds should be extended to include the 
spectra of the diethylammonium salt, [(C H ) NH 1 [pd(CN)u] 2^ ,c, in which^ 3 Z Z Z H
the [Pd(CN)J2- groups are spaced much farther apart and are greatly tilted 
from the needle axis. If the solid state band does evolve from the solu­
tion band, the spectra of this final compound should reveal a transition 
between the solution band and that observed in the ethylammonium compound.
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Many of the tedious expressions employed in x-ray crystallo- 
graphic calculations would be extremely time-consuming, if not impossible, 
without the use of a computer. This chapter describes three Fortran IV 
programs written for the LSU IBM 360/65 computer, two of which have been 
used in work described in this dissertation. The first, PROJECT, calcu­
lates the angle between the projection of an out-of-plane interatomic 
vector and an in-plane interatomic vector in a given plane. The two vec­
tors have a common origin atom. The second program, THETA, determines 
the 2 0  value of a given reflection from its position on an equi-inclination 
Weissenberg photograph. ECALC, the third program discussed, is a general 
data reduction routine which includes the option of calculating normalized 
structure factors for direct methods. It was specifically written to 
reduce data collected on a General Electric diffractometer. Included in 
the description of each program are a flow chart and a listing of the 
source deck, test data set, and output from the test data set.
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PROJECT 101
In order to determine the extent of Interactions between the 
axial carbonyl groups and adjacent bonds between the transition metal and 
Group IVA atom in the ruthenium and iron complexes discussed in Chapter 
One, it was necessary to determine the "tilt" of the carbonyl groups 
toward the Group IVA atom. Bond angles alone did not provide sufficient 
information about the orientation of these groups; it was desirable to 
know also the position of the carbon atoms projected into the bridge plane. 
The equation of the bridge plane (described by the two ruthenium atoms and 
two bridging silicon atoms) was easily generated by PLANET, a 36K Fortran 
IV program which calculates the coordinates of a plane fitted by a least 
squares analysis to a specific group of atoms in a molecule.1 That pro­
gram also calculates the distance A of any given atom from that plane. 
PROJECT, a 38K Fortran IV program for the IBM 360/65, projects an atom P 
into the plane (with normal vector N) and calculates the in-plane angle QRS 
formed by the projection Q and the atoms R and S in the plane. The posi­
tion vector of the point Q is given by the equation:
Q - P - (A x N,,, ) . xyz xyz ijk
The vectors R§ and R§ in the plane are defined as follows:
-* -*RQ - Q - Rxyz xyz
->• - >  -*■
and RS = S - Rxyz xyz
The angle QRS is then calculated from the expression:
AQRS = cos" 1 M  ’ ^
IrqM esI
Figures 3-1 and 3-2 contain the flow chart and source listing of the pro­
gram.
FIGURE 3-1
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PROJECT SOURCE LISTING, TEST DATA SET, 
AND OUTPUT FROM TEST DATA SET.
PRO JECT SOURCE LISTING
C PROJECT A PROGRAM TO FIND PROJECTION OF ATOMS INTO THE LEAST
C SQUARES °LANF AMO CALCULATE THfc ANGLE 0^ THIS PROJECTED VECTOR
C WITH ANOTHER VECTOR IN THE PLANE.
DIMENSION Q (3 * 100)» RQ t 3 »100).RS(3♦100),X I 3,100),VA(3♦100),ATOM I 100 
C).TITLF1?0)
REAL MRQ.MRS 





C NATsNO, OF ATOMS
READ HO, MAT
n o  f o r m a t (t4)
RE An 11* ( ATOM! J ),(X(I,J),I=1,3) * J = 1 ♦ NAT )
11 FORMAT I 7X,A4,37X,3F8.5>
PRINT 12
12 FORMAT (42H0 ATOM XORTH YORTH ZORTH//)
C X(I*J) ARE ORTHONORMAL COORDINATES OF ATOM J FROM PLANFT
PRINT 13 *(ATOM(J )* J «(X (I« J )* 1=1,3),J=1,MAT)
13 FORMAT (2X,A4,I4,3F10.6>
C NP=NQ. OF PLANES
READ n o ,  NP 
140 FORMAT I 14)
READ 14,{(VA(I*N),1=1,3)*N=1*NP)
14 FORMAT (4X,3F10.6)
C V A U , N )  IS THE NORMAL TO PLANE N.
PRINT 15
15 FORMAT I37H1 PLANE I J K //)
PRINT 16* IN*(VAI1,N),1=1,3),N=1,NP)
16 FORMAT ( 15,2X,3F10.5)
PRINT 1717 FORMAT (56H1 ANGLES OF PROJECTED VECTORS WITH VECTORS IN THE PLANE 
1.////)
10 READ 1, N,P,R,S,DFITA
1 FORMAT (4I4,F10.6)
IFIN.E0*0)STOP
C N=NUM8ER OF THE DESIRED PLANE AS READ IN
C P IS THE ATOM NUMBER OF THE ATOM OUT OF THE PLANE,R THE NUMBER OF
C THE OSCULANT ATOM AND S* THE NUMBER OE THE THIRD ATOM IN THE PLANE
C FIND 0, THE PROJECTION OF P.
00 2 1=1*3
2 0(I,P)=X<I,P)-<DELTA*VA|I,N))
C FIND VECTORS RO AND RS
DO 3 1=1,3
3 RO(I,P)=OII,P)-X(I * R )
DO a 1=1,3
4 RS(I , P )=X(I,SI-X(I*R)







6 MRS=MRS+<RS(I,P )*R SII*P))
MRS=SQRT(MRS)
C DOT = SCAl.AR PRODUCT OF RO AND RS
D0T = 0
DO 7 1=1*3
7 DOT=DOT+(RO(I* P >-RSI1*P))
OPR=57. 295R
THETA=nPR*AR.:ns(DnT/ ( w r q f m r s ) )
PRINT ft. P«N«(QII,P),1=1,3), R * S , T h ETA 
fl FORMAT I24H0 THE PROJECTION OF ATOM,13,12h ONTO PLANE ,!3,4H IS ,3 
1F9.W79H THE ANGLF SUBTENDED AT ATOM .I3.30H BY THE PROJECTED ATOM 
2ANn ATOM,13,4H IS ,F7.?,9H DEGREES,//)
GO TO 10 ENn
T E S T  DATA SE T
SIRIJ PROJECTION OF AXIAL CO GROUPS INTO THE BRIDGE PLANE.
6
1 RU 0.9139 1.1657 0.0201
2 RU i -0.9139 -1.1657 -0*0201
3 SI 2 1.2766 -0.9071 1.1792
4 SI •2 -1.2766 0.9071 -1.1792
5 C 1 2*0335 0.4303 -1.3613
4 c 2 0.1971 1.R043 1.6714
l
I 0.4801 -0.3627 -0.79B7
1 5 1 2 1*9075
1 5 1 3 1.9075
1 5 1 4 1.9075
1 6 1 ? -1.8947
1 6 1 3 -1.8947
1 6 I 4 -1.H947
0
OUTPUT  FROM TEST DATA
SIRU PROJECTION OF AXfAL CO GROUPS INTO THE BRIDGE PLANE* 
ATOM XORTH YORTH ZORTH
RU 1
RU • 2
















! .179200  







1 0*46010 -0*36270 -0*79670
ANGLES OF PROJECTED VECTORS WITH VECTORS IN THE PLANE.
THE PROJECTION OF ATO* 5 ONTO PLANE I IS 1*1177 1*1221
THE ANGLE SUBTENDED AT ATOM I BY THE PROJECTED ATOMAND ATOM 2
THE PROJECTION OF ATO* 5 ONTO PLANE 1 IS 1*1177 1*1221
THE ANGLE SUBTENDED AT ATOM 1 BY THE PROJECTED ATOMANO ATOM 3
THE PROJECTION OF ATO A 5 ONTO PLANE 1 IS 1 .1177  1*1221
THE ANGLE SUBTENDED AT ATOM 1 BY THE PROJECTED ATOMAND ATOM 4
THE PROJECTION OF ATO► 6 ONTO PLANE 1 IS 1*1067 1*1171
THE ANGLE SUBTENDED AT ATOM I BY THE PROJECTED ATOMAND ATOM 2
THE PROJECTION OF ATO P 6 ONTO PLANE 1 IS 1 .1067 1*1171
THE ANGLE SUBTENDED AT ATOM 1 BY TFE PROJECTED ATOMANO ATOM 3
THE PROJECTION OF ATO* 6 ONTO PLANE I IS 1*1067 1*1171






IS 162*99 OEGREES* 
v .lb d l  
IS 109*95 DEGREES* 
0*1561 
IS 55*35 DEGREES.





Indexing upper-level Weissenberg photographs of a triclinic 
crystal is a formidable task. Distortion of the grid occurs because the 
upper level axes do not lie on radial lines of the reciprocal lattice. 2 
If the 20 values of the upper-level reflections are known, a least squares 
refinement of the lattice parameters3 of the crystal using these 2 0  values 
will immediately indicate any error in the choice of indexing. THETA is 
a 32K Fortran IV program written for the IBM 360/65 computer which calcu­
lates the 2 0  values for any reflection on an upper level (or zero level) 
equi-inclination Weissenberg photograph, requiring as input data the equi- 
inclination angle y and the film coordinate T for each reflection.
Using the notations adopted by Buerger, 2 the geometry of the 
Weissenberg camera is illustrated in Figure 3-3(a)-(e). In the equi- 
inclination method, an incident X-ray beam impinging on a rotating crystal 
at the origin (0 ) generates a cone of reflections which intersects the 
film along the circle of radius R occurring at the equi-inclination angle 
y. Consider a reflection which appears on the film at point A, a distance 
T from the center line of the film. 20 is the angle formed by the incident 
beam (designated as S in view (c)) and the diffracted beam P for this re­
flection. The law of cosines is illustrated in Figure 3-3 (a):
(1) Q 2 - P 2 + R2 - 2cosRP cos2<j>.
Figure 3-3(b) shows a portion of the circle of intersection of the film
with the nth diffraction cone. From spherical trigonometry,
T(2 ) a = ---  radians,
R
where a is the angle subtended at the center of the film cylinder by T , 
Drawing in the chord e to form an equilateral triangle, it is clear from
FIGURE 3-3















(3) e 2 = 2R2 - 2R2cosa.
In view 3-3(c), is is evident that
(4) S 2 - R 2 + d2,
and since the n and n levels are equidistant from the origin, S = P. 
Therefore,
(5) P 2 = R 2 + d2.
Figure 3-3(d) is a tilted view from the left end of the film cylinder; 
3-3(e) looks upon the cylinder along a line normal to the incident beam 
and the camera axis. T is the line segment from A to the intersection of 
the incident beam with the film. T subtends the angle 20; thus,
(6 ) T 2 - 2P2 - 2P2 cos26.
Also,
(7) T 2 - (2d) 2 + e2.
Equating (6 ) and (7) gives the relationship:
(8 ) 2P2 - 2P2c o s20 = 4d2 + e2.
By combining (3), (5), and (8 ) and simplifying, equation (9) is obtained:
/„v -(d2 - R2cosa )(9) cos 20 = — 1 .
d2 + R2
20 may be expressed in terms of R, y, and T by substituting a = T/ R and 
d “ R tany :
cos T/R - tan2y
(1 0 ) 2 0  = cos- 1 —---------------  .
sec2y
In order to obtain more accurate 20 values, the thickness of the film and 
any cover paper must be subtracted from the known R to give the true film 
radius. This correction is large for the multiple film technique because 
any film or paper between the measured film and the camera must be taken
110
Into account.
The expression for the variance c2e is derived as follows:
3R R
(1 1 ) a2 0 2 - ( am ) 2 + ( _32j2_ a,, ) 2 + ( 32,9 a ) 2 +3T T 3y V
_ 32fi 32fl « 3 2 0  320
3T 3 r  PTRa Ta R +  3T 3~  PT y a T %
„ 32 0  32 0
+  2 --------------------------p _ a Do3R 3y ^  R V
Assuming that the covariance p terms are an order of magnitude less than
the a^ 2 terms, the last three terms can be dropped. Knowing that
(1 2 ) — —  cos” 1 x = ---- ------  ,3x (j _ x 2 )Jj
the common term 1 / (1 - cos2 2 0 )Js can be extracted and the expression sim­
plified to
(13) a2 - (




sin2— —  cos*V( 1 + —-—  )
R R2
0.04
DPR2 cos2y sin2y (cos —I— + l)2R
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FIGURE 3-5
THETA SOURCE LISTING, TEST DATA SET, 
AND OUTPUT FROM TEST DATA SET
THETA SOURCE LISTING
ThETA A PROGRAM TO CALCULATE 2 Th ETA VALUES FOR REFLECTIONS FRO
n t h e ir  f u n  to center  d i s t a n c e ,  u ps  n o *
PUNCHED OUTPUT COMPATIBLE WITH PARAN 
REAL HU 
PRINT I I
U  FORMAT!" two THETA VALUES OF REFLECTIONS on FILM from UPSILON.THE 
2FILM CENTER TO SPOT DISTANCE IN MM.M 
PRINT 22
22 FORMAT I » H K L TWO THETA
2 SIGMA*1 
GAP«O.T5
gap i s  the t hic kn es s  of the f i l m  packet between the camera and the
FILM LAVER UNDER STUDY. IN M*„ IFOIL .FIIM .FOIL .FIL N.PA PE R)
R « l5 7 .? 9 6 /? .0 )~ G A P
1 CONTINUE 
READ 3 3 . MU
33 FORMAT IF R .3 I  
O PR«57.?9577 
RMU ■Mll/OPR





SSMU*SINIR M U I * S I N I R M U I





TUPS IS TWICE UPS
alpha*u p s / r
ca«co s ia l ph a i
F«ICA-TANSO)/SECSO
TTHETA«ARCOSIF\
TTHETA i s  Two THETA
TO GET TWO THETA IN OEGS.. MULT. BY DPR 
TUTMET*TTHETA*DPR
CALC. OF STO* DEV. OF TWO TMETA. DS1G 
FSO*F*F
C * 1 .0 /U .0 -F S 0)
S»SIN I A L P H A » * S I N I  A L P H A )
S1GSO IS THE VARIANCE OF TWO ThETA
ALGORITHM FOH SIGSO INCLUOES STD. OEVS. OF 1 . 0  FOR R.My, AND ThETA 
S1GS0*C«( ID.01/IR*Rn*S»ICSMU*CSMU»*| 1.0*IALPHAPALP«AI M*C*< (0 .0 4 / 
2IOPR*DPR)J*CSMu*SSMU*|ICA*1.0I*ICA*1.0HI 
RSIG*SORTISIGSQI
RSIG IS IN RAD, so MULT. BY DPR TO GET OSIG IN OEG.
DSIG=DPR*RSIG
PRINT 5 5 . IH.K.L.TUThET.OSIG 
55 FORMAT I 5 X . I 5 . 5 X . 1 5 . 5 X . I 5 . 1 D X . F 1 0 . 6 . 1 0 X . F 1 0 . 6 )
PUNCH 64.IH.K.L.TUTHET.DSIG 
66 FORMAT I* T H E T A *,1 0X »3I4 ,2 F in .6 l  
THIS IS PARAM FORMAT 
I F | I H . F 0 . 9 9 9 I  GO TO 1 
I F ! IH.E0.R9R9> STOP 
GO TO ?
TEST DATA SET
0 . 0 0
- 6 0 fl 2 5 .4 5
- I 0 6 IT.TO
- 4 0 - 4 2 1 .1 2
- 5 n - 2 1 9 .5 7
- 5 0 0 1 6 .3 3
T 0 - 2 2 1 .4 5
S 0 -2 1 5 .2 0
10 D - 4 3 0 .6 5
4 0 -2 1 2 .2 0
6 0 - 4 13.96
-1 0 B 2 3 . B9
0 4 16 .46
9999
OUTPUT FROM TEST DATA







r e f l e c t i o n s ON FILM FMON UP5ILON. THCPILM CEMTEM
L ▼WO THETA SIGMA
• 2 4 .1 3 4 0 2 9 0 .1 S S 79I6 16.179791 0 .2 1 9 4 6 2
21 .4 0 7 6 4 3 0 .2 1 9 9 9 6
20 .0 9 6 0 2 4 0 .2 1 7 4 4 20 16 .7 64934 0 .2 13991
2 2 .0 2 4 9 6 6 0 .2 2 0 0 2 9
19 .6 06962 0 .2 1 2 4 6 4
*4 3 1 .4 7 3 4 4 6 0 .2 3 4 3 2 2
12 .927911 0*110226





ECALC is a 54K Fortran IV program written for the IBM 360/65 
computer which reduces a set of reflections and calculates normalized 
structure factors. The reflections1* were collected by the stationary 
crystal-stationary counter technique on a General Electric diffractometer 
in the laboratory of Dr. Louis Trefonas at Louisiana State University at 
New Orleans, and the data obtained there were not in a form compatible 
with DIFDAT, 5 the program normally used to reduce data collected by the 
0-20 scan technique on the Enraf-Nonius PAD-3. Since the compound from 
which data were collected contained no heavy atoms, the structure would be 
best solved using direct methods; 6 this required generating a set of nor­
malized structure factors (E's). With these two objectives in mind; jL.je.,
(l)data reduction and (2)calculation of E's, ECALC was written as a general 
program with options to read either a variable format data set defined at 
object time or fixed format DIFDAT output and to calculate E's for direct 
methods.
DATA REDUCTION
The optional corrections available in the data reduction proc­
ess of ECALC are the following: decay, scale factor (note: the scale factor 
is generally refined later as a part of the least-squares refinement pro­
cedure) , phi absorption, Lorentz-polarization (Lp), balanced filters, 
attenuation factor. Not only is each correction optional, but it may 
easily be changed in the body of the program to apply to another data set 
without upsetting the logic flow. In the current form of ECALC, the phi 
absorption correction and attenuation factor correction are "dummy" rou­
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tines which simply set those multiplicative correction factors to 1 .0 . 
These two options were included because, although not necessary for the 
specific data set for which the program was written, they might be needed 
for another compound and may now be added easily.
The decay correction and scale factor correction are input 
with the data. A decay or scale factor for a group of reflections is sup­
plied on a card immediately preceeding the HKL cards for the group of re­
flections to which the refinement applies.
Lorentz-polarizaioon factors for the stationary crystal-sta­
tionary counter method are calculated from the combined expression:
LP-1   iHZ*  . 1
1 + cos 2 0
The balanced filter method for copper radiation (Ross A ■ Co, 
Ross B «* Ni) 7 was used to collect the data. A Ko^ - Ka2 splitting correc­
tion was applied as described by Brown7 for reflections occurring above 
60® 20. Above 120° 20, the splitting correction is constant and equal to 
1.50. Between 60° 20 and 120° 20, the correction is nearly linear and is 
interpolated from the following values: 1.00(60°), 1.10(70°), 1.19(80°), 
1.28(90°),1.37(100°), 1.46(110°), 1.50(120°).
ECALC allows the user the option of calculating 20 values for 
each reflection from the reflection indices and the lattice parameters.
If this option is specified, a subroutine (CALTH) is called which calcu­
lates 2 0  from the expression
2 0  * 2 sin- 1 ( —i—  ( h 2a* 2 + k 2b* 2 + l2 c* 2 + 2 hka*b*cosy*
2 X
+ 2 hla*c*cos£* + 2klb*c*cosa* )*5 ) . 0
A subroutine (BAKGRN) is provided which computes a background 
correction for each reflection. Since the program DIFDAT calculates a
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background correction, this subroutine is called only if the variable 
format data option is used. The expression for background for the sta­
tionary crystal- stationary counter method was devised by Wong. 9 (This 
subroutine may be modified easily for another data set.) The intensities 
of systematically extinct reflections were plotted against their 2 0  values 
over the full 2 0  range of the data set to give a curve which may be approx­
imated by three straight lines defined by the following equations:
(1) 2 _> 43.0°, Background « 100.0 counts,
(2) 43.0° > 20 > 12.0°, Background ■ -(11.65 x 20) + 600.0 
counts,
(3) 20 <_ 12°, Background =» -(113.5 x 20) + 1760.0 counts.
The corrected intensity (Cl) is then equal to the observed intensity minus 
the background.
The final portion of the data reduction scheme is the calcu­
lation of |F_|*s and a 's and the assignment of an index (LTI) which indi-U J?
cates whether or not the reflection is of sufficient intensity to be con­
sidered "observed." jFQ J, corrected for the previously described factors, 
is defined as
|F0| * Cl x (scale factor x decay factor x phi absorption
correction x attenuation factor x Lp- 1 x Ka^-Kce 
splitting correction) , 
where the product within parentheses can be considered as a constant term 
(ICOR). Sigmas are calculated for the stationary crystal-stationary coun­
ter method as follows. The total intensity I (= RossA - RossB) was cor­
rected for the attenuation factor before being read in, but the RossA and 
RossB values were not, so the proper expression for the standard deviation 
is:
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I CORd_ ■ 0.5 ( ( — — —  x ( RossA + RossB ) x attenuation factor2 )r LI
h+ background ) .
The reflection is considered "observed" (LTI * 1) if Cl > 2a. Unobserved 
reflections are assigned an LTI value of 2. If E's are not to be calculat­
ed, the program punches HKL data cards which are compatible with "XRAY '67" 
and stops.
If normalized structure factors are to be calculated, the data 
reduction section of ECALC performs two more functions. Subroutine READ 
reads epsilon values (e) for each reflection type10 and a set of atomic 
scattering factor tables. Subroutine ECALC calls a subroutine (INTER) to 
interpolate the atomic scattering factors (f0) for each reflection. INTER 
is subroutine XRY133 of "XRAY '67.n11 ECALC then uses these interpolated 
values in calculating an "unnormalized" E2 (ESQR) from the equation
F I2
ESOR » ___________frKlL... 12
e E» f 2 e-2B ( sin2e A 2 ) ’
where B is the overall temperature factor for the molecule. 1 3 Since this 
B may be any "dummy" value in the range 2 to 5A2 and not the correct value 
as determined from a Wilson plot, the value of ESQR must be normalized to 
<E2> * 1.0 in order to give the correct E's. (E's are normalized in the 
second part of the main program.) During the reflection reduction loop, 
all relevant information for each reflection (this includes h, k, 1, LTI,
I, background, Cl, F2, a, e, ESQR, and the interpolated scattering factors) 
is stored on a scratch disc (Unit 1).
CALCULATION OF E'S
The second part of the program calculates E's and reflection 
statistics. A normalization factor Q is determined from the expression
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1
Q = ------------------ ,
( Z ESQR ) / N n
where N is the total number of reflections. After calculating Q, the 
program reads the rewound reflection data on File 1 and calculates the 
correct normalized En from the expression
En = ( Q x ESQR^ )J5 .
The hkl data is then punched onto cards which are compatible 
with both "XRAY ’67" and with MULTAN, 6 a direct methods program which
calculates sets of trial phases for the molecule.
Finally, statistical values related to the E's are calculated 
as an indication of the centrosymmetry of the molecule. These values in­
clude the average E, average Ez, average (E2- 1), percent E > 1, percent 
E > 2, and percent E > 3.
Included on the following pages are input instructions, a 
flowchart (except for INTER) (Figure 3-6), a source listing (except for 
INTER) (Figure 3-7a), a sample data set (Figure 3-7b), and the printed
output calculated for that data set (Figure 3-7c).
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USER INPUT INSTRUCTIONS FOR ECALC
(1) Title card (10X, 15A4)
cols. 1 - 5  "TITLE"
1 1 - 7 2  alphanumeric information describing the compound
(2) Correction card (10X, 1013, A4, F6.4)
cols. 1 - 1 0  "CORRECTION"
In the following eight 13 fields, place a 1 (right-justified) 
where the indicated correction is desired:
cols. 1 1 - 13 scale factor
14 - 16 phi absorption correction
17 - 19 Lp correction
2 0 - 2 2 decay correction
23 - 25 balanced filters correction
26 - 28 attenuation factor
29 - 31 calculate E's for direct methods
32 - 34 calculate 2 6  from indices
35 - 37 do (blank)/ do not (1 ) punch cards
38 - 40 0 for DIFDAT input/ 1 for variable
41 - 44 four letter compound ID
45 - 50 wavelength in A
(3) Lattice parameters (10X, 3F7.3, 3F6.4) 
cols. 1 - 7  "LATTICE"
11 - 17 a*
18 - 24 b*
25 - 31 c*
32 - 37 cos a*
38 - 43 cos 8*
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44 - 49 cos y*
(4) E calculation cards. Do not include this group (a - e) if E's are 
not to be calculated.
(a) Overall temperature factor (5X, F4.2)
col. 1 "B"
6 - 9  initial value of B —  any number from 2.0 to 5.0
(b) Atom types (10X, 1215)
cols. 1 - 1 0  "ATOM TYPES"
11 - 15 number of atom types in the unit cell




NAT (J), J = 1, 10; the number of atoms of
36 - 40






6 6 - 70 the number of source reference cards to follow
(see (e) below). Up to four source cards allowed
(c) Epsilon values (10X, 15, 5X, F3.0) One card for each epsilon type 
cols. 1 - 7  "EPSILON"
1 1 - 1 5  reflection types: 1 for hkO, 2 for 001, 3 for
hOl, 4 for OkO, 5 for Okl. 6 for hOO, 7 for hkl 
21 - 23 the value of epsilon for this reflection type, 
where e *= a/$ in International Tables for X-Ray 
Crys t allography10
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(d) Scattering factor cards (7X, A4, 2X, F7.5, F8.3, 12) Same 
format as "XRAY '67." Want between 10 and 40 cards for each atom 
type, with a monotonlc Increase in sin0/A. Needs 3 entries beyond 
the highest sin0/A in the data set.
cols. 1 - 6  "FOKMFX"
8 - 1 1  atom type, as C, H, 0, etc., in the same order 
as NAT(J) on card 4b.
14 - 20 sin 0/A
2 1 - 28 scattering factor
29 - 30 1 for last card of an atom type/ 2 for last
F0RMFX card in deck/ blank otherwise
(e) Scattering factor source reference card. (20A4) Same number of 
cards as specified earlier on card 4(b).
cols. 1 - 1 6  "SOURCE REFERENCE"
17 - 72 alphanumeric information defining the reference
(5) HKL cards —  two types: I.variable format, II. fixed format HKL cards
from DIFDAT. For either type, h = 99 signals the end of the data set.
Type I: (a) Format card (18A4) specifying the reflection card format.
(b) Reflection card. Variables to be read in are specified 
on the READ FMT statement (line 131 of the main program). 
Each card must include at least h, k, 1, I, and a field 
allocated to the attenuation factor (even if it is a dummy 
field). Decay and scale factor cards are optional and are 
read in as HKL cards. Each is placed before the group of 
reflections to which it applies. A decay correction card 
is indicated by an 8 in the attenuation factor position 
and the value of the decay factor is placed in the 2 0  
position. A scale factor card has a 9 in the attenuation
position and the scale factor in the 26 position.
Type II: HKL cards from DIFDAT. (7X, A4, 2X, 313, 3X, 13, 3X, F9.2,
9X, F5.2, 18X, 13, IX, 14)
cols. 8 - 11 ID
14 - 16 h
17 - 19 k
20 -  22 1
26 - 28 LTI
32 - 40 F
50 - 54 a_F
73 - 75 1000 sin0 /A (as an integer)
77 - 80 reflection number 
The decay and scale factor cards are read in before the reflec­
tions to which they apply. They are signalled by an 8 or 9, respec­
tively, in the LTI columns, with the value of the appropriate factor 
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FIGURE 3-7
(a) ECALC SOURCE LISTING,
(b) TEST DATA SET,
AND (c) OUTPUT FROM TEST DATA SET
(a)
ECALC SOURCE
E C A L C — A  P R O G R A M  T O  C A L C U L A T E  I  V A L U E S  O R  S T R U C T U R E  F A C T O R S  T O M  C C A L C O O O  
R E F L E C T I O N S  C O L L E C T E D  fit T H E  S T A T  l O N A R Y - C B V S T A L *  E C A L C O B t
S T A T I O N A R Y  C O U N T E R  M E T H O D  O R  F O R  I N T E G R A T E D  I N T E N S I T I E S  E C A L C B G 2  
F R O M  T H E  S C A N  T E C » A l l O O C «  T H E  P R O G R A M  U S E S  O P T I O N A L L Y  S U R R O U T I N E S  E C A L C B R J  
T O  C A L C U L A T E  E  V A L U E S  F O R  I N P U T  I N T O  M U L T A N *  2  C H O I C E S  F O R  O U T P U T E C A L C R R A  
— F S O » S  F O R  D A T R D N  t C X E C X R A Y I O R  E * S  F O R  M U L T A N *  E C A L C R R R
C O R R E C T I O N S  A R E  A L L O V C O  F O R  S C A L E  F A C T O R *  A B S O R P T I O N *  L Q R C N T 2 - P O L  E C A L C R R R  
A R I 2 A T | O N * O E C A V * K  A L P H A — X  A L P H A  2  S P L I T T | N G * A T T E N U A T I O N  F A C T O R S *  E C A L C R R T  
T H O S E  L E F T  O R  C H A N G E D  M A Y  B E  A O O E D  A F T E R  T H E  C O R R E C T * C O N T I N U E *  E C A L C R R R  
S T A T E M E N T  E C A L C R R R
O I R E N S I O N  A L C O R I 6 1 * F M T ( I B ) « T I T L E I I S I v S F f C I R )  E C A L C R I R
D I M E N S I O N  A T T F A C I A )  E C A L C R I I
C O M M O N  B * E P S ( 7 ) * N A ? Q M » N A T ! | R I * S T 0 L ( 4 R * 1 B I * S F A C I A R * | R > E C A L C R I R
C O M M O N / 2 / A S * B S * C S * C O f t A S * C O S B S * C O S C S  E C A L C R I R
R E A L  l * L P * I C O R * L A M O A  E C A L C R I A
R E A L  N I * N 2 * N 3  E C A L C R I 9
I N T E G E R  H * A T T  E C A L C R I R
I N T E G E R  A T  E C A L C R 1 T
I N T E G E R M  I C O L * 1 0  E C A L C R I R
O A T A  A T T F A C / 1 * 0 B * 2 * G G * A * I 5 * S * S A /  E C A L C R I R
O A T  A  A L C O R / W D O *  W l G * l * l 5 * l s t S * W l T * l * A 6 /  E C A L C R R R
O A T A  I C O L / *  • /  e C A L C R f I
I I T  F O R M A T ! | H | * A 2 A *  * R  E D U C E O  R E F L E C T I O N  S * * A 2 X / / 7 7 X * • T M E C A L C 0 2 C  
I T E R P O L A T C D  S C A T T E R I N G  F A C T O R S * / 2 X * * H *  * 3 1 *  * K *  * 3 X *  * L ' •  J X * * L T I * * 3 X *  • I E C A L C 0 2 3  
2 *  * S X  » * C 1 *  * T X *  * B K G *  * 9 X *  * F S O *  * ? X * * S 1 C *  * 5 X *  * E * * 4 1 *  * E P S  S F t l )  S F I I )  S F E C A L C R 2 A  
3 ( 3 1  S F I A I  S F I S )  •  •  #  E C A L C R R R
S R R  F O R M A T ! / / 2 9 X * I S . 2 * . • R E F L E C T I O N S  H A V E  B E E N  R E D U C E D * I  E C A L C R I R
R E B I N D  I E C A L C R R T
P R I N T  I f  E C A L C R R R
I B  F O R M A T !  | H 1 * 4 R ( * A  * ) / / I X * 2 R | * S  M . I A X * *  C  C  A  L  C * * I 9 X * 2 R ! * «  * > / / | E C A L C R R B  
| X * 2 R ! * A  M * 7 X * * D  A T A  R E O U C T f O  N * * T X * 2 R I * A  * > / / l X * 6 0 ! * s  • E C A L C R R R  
2 1 / / / I E C A L C R 3 I
R E  A O  1 1 * T  I T L E  E C A L C R R R
1 1  F O R M A T  C I O X * I R A A ) E C A L C R R R
P R I N T  I 2 » T | T L E  E C A L C R R A
1 2  F O R M A T  ! / 3 R X * I S A S / / / I  E C A L C R R R
R E A D  I 3 * I F S C * I F A B * | F L P * I F 0 K * I F A L * I F A T * | F E * I F T H * N 0 P U N * I » « * I 0 * L A M 0 A  E C A L C R R A  
P U T  A  | I N  T H E  A P P R O P R I A T E  C O L U M N  T O  D E S I G N A T E  T H A T  T H E  C O R R E C T I 0 N E C A L C R 3 T  
I S  0 E 9 1 R C D - S C A L E  F A C T O R *  P H I  A B S O R P T | O M * L P * O C C A V * K  A L P H A  S P L I T T I  E C A L C R R R  
N G I B A L A M C E O  F I L T E R S  C Q R R E C T I O N U A T T E N U A T I O N  F A C T O R * C A L C *  E  V A L U E S * E C A L C B S B  
C A L C U L A T I O N  O F  T H E T A  F R O M  I N O I C E S *  A  I F O R  I N O  I N D I C A T E S  E C A L C R A R
V A R I A B L E  H X L  F O R M A T *  A  R  F O R  I N O  I N D I C A T E S  0 I F D A T  O U T P U T  H K L  C A R O S E C A L C O A I  
A  1 F O R  N O P U N  I M O I C A T E S  N O  C A R D S  P U N C H R O  E C A L C R A R
I D  I S  T H E  F O U R  L E T T E R  C O M P O U N D  I D *  E C A L C R A 3
L A M O A  i s  T H E  X - R A Y  R A 0 1 A T I 0 N  B A V E L E N G T H  U S C O *  E C A L C R A A
C O R R E C T I O N  F A C T O R S  N O T  D E S I R E O  B I L L  A U T O M A T I C A L L Y  B E  G I V E N  A  V A L U C C C A L C R A S  
O F  1 * 0  B Y  T H E  P R O G R A M *  E C A L C R A R
1 3  F O R M A T  I I 0 X * 1 R I 3 * A A * F G * A >  E C A L C R A 7
P R I N T  B B a L A M O A  E C A L C R A R
B B  F O R M A T  I I S N R b A V C L E N G T H  I S  * P G * A * 4 M  A N G * I  E C A L C R A B
S T A T E M E N T S  I R B - I 1 9  L I S T  T H E  C O R R E C T I O N S  B E I N G  M A D E  O N  P R I N T O U T *  E C A L C B S #  
I F  I I F S C * N E * 1 ) G 0  T O  I R I  E C A L C R S t
P R I N T  I B #  E C A L C B S 2
I R R  F O R M A T  ( 2 B M R S C A L E  F A C T O R S  A R E  A P P L I E D )  E C A L C R 9 3
I R I  C O N T I N U E  E C A L C R A A
I F  I | F A B * N E * 1 1 6 0  T O  1 0 3  C C A L C B S S
P R I N T  1 0 2  E C A L C R A A
I B S  F O R M A T  I 3 9 H R A N  A B S O R P T I O N  C O R R E C T I O N  H A S  B E E N  M A D E *  E C A L C O S ?
LISTING
1 0 3  C O N T I N U E  E C A L C R R R
I F ! ! P L P * N E * I I G O  T O  I R S  E C A L C B 9 B
P R I N T  1 G A  E C A L C R R R
I R A  F O R M A T  I 9 I M 0 A  L O R E N T 2 - P O L A R | Z A T I O N  C O R R E C T I O N  H A S  B E E N  A P P L I E D )  E C A L C R G I
I R S  C O N T I N U E  C C A L C B S S
I F  I I F D K * N E * I I G O  T O  I P ?  E C A L C R S 3
P R I N T  1 O A  E C A L C R R A
1 0 6  F O R M A T  I R T H R D E C A V  O F  T H E  C R Y S T A L  D U R I N G  D A T A  C O L L E C T I O N  H A S  B E E N  A E C A L C O S S
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FORMFX C 0.00 6.000
FORMFX C 0.05 5.757
FORMFX C 0.10 5.1A1
FORMFX C 0.15 A. 3fi 3
FORMFX C 0.20 3.662
FORMFX C 0.25 3.063
FORMFX C 0.30 2.601
FORMFX C 0.35 2.261
FORMFx C O.AO 2.017
FORMFX C 0.A5 1.8AA
FORMFX C 0.50 1.719
FORMFX C 0.55 1.626
FORMFX C 0.60 1.553
FORMFX C 0.65 I.A91
FORMFX C 0.70 1.A36
FORMFX C 0.75 1.383
FORMFX C 0.80 1.332
FORMFX C 0.85 1.281
FORMFX C 0.90 1.229
FORMFX C 0.95 1.178
FORMFX C 1.00 1.127
FORMFX H 0.00 1.000
FORMFX H 0.05 0.9A7
FORMFX H 0. 10 0.811
FORMFX H 0.15 0.6A1
FORMFX H 0.20 0.A81
FORMFX H 0.25 0.350
FORMFX H 0.30 0.251
FORMFX H 0.35 0.180
FORMFX H O.AO 0.130
FORMFX H 0.A5 0.095
FORMFX H 0.50 0.071
FORMFX H 0.55 0.053
FORMFX H 0.60 O.OAO
FORMFX H 0.65 0.031
FORMFX H 0.70 0.02A
FORMFX H 0.75 0.019
FORMFX H O.RO 0.015
FORMFX H 0.85 0.012
FORMFX H 0.90 0.010
f o r m f x 0 0.00 8.000
FORMFX 0 0.05 7.R05
FORMFx 0 0.10 7.276
FORMFX 0 0. 15 6.538
FORMFX 0 0.20 6.726
FORMFX 0 0.25 A.944
FORMFX 0 0.30 4.243
FORMFX 0 0.35 3.6AS
f o r m f x 0 O.AO 3. 153
FORMFX 0 0.A5 2.759
FORMFX 0 0.50 2.AA8

























































0.05 6 • 78 A
0. 10 6.211
0.16 5.A53
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329.04 373 108 265 (
2 0 2 0 28.29 73.63 329.04 1121 95 1026 (
3 0 3 0 43.01 73.63 329.04 75 43 32t
/. 0 A n 58.5? 73.63 329.04 78 36 42 (
5 0 5 n 75.33 73.63 ’29.04 61 30 31 (
6 n 6 0 94.31 73.63 379.04 89 35 54(
7 0 6 i 94.52 74.28 317.19 66 37 29 (
8 0 6 1 75.54 74.84 314.74 175 32 143(
9 0 4 l 58. 77 74. 36 ?1 1.05 4648 240 4408 (
10 n
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OUTPUT FROM T E S T  DATA
t r s f  9 U « * - C * l C U L A » I U » *  O P  N O M M A t l / r O  Sf O lK V U M T  * * C » i » 4 6
• AvfLtXTN |» |,St|l AH4*
• CC»fNlf-POLA*|IATION CO**CCVION HAS HC«N A88ft.|«0
OtCAf 00 THC CRVtVAA. D M I M  OATA COkLlCTIO* HAS 6CCM ACCOUHTFD 706 
CIMMtCTIOAl P0» CO ■ A4.AMA tPltfTINt HAvf |||N MAOC 
6UHCN80 OuTOlff Of «•• It CWPATIHI • I fH NUL'AM
fH€ IHiriAC VAC08 POft THC OVIAACC fCNAHlTtM PACT08 It 8*00 
TMetC 8*2 A Aioa TVMI IN THI UN|V CIU.
^  AT0** ,4CM T,p** 1,1 fM* °80«« At ?Ht list er avoms im ihc tCAfrtftiM* pacvoh iaki. aa* roLcotv
III I M  U  I • • I « I I
A T O M 1 C  S  C  A T r e a 1 N  0 9 A  C  » 0  U s
* | N T / L A B D O A F I J I A T O M S I N f / I A N 0 O A P I  J» A I O H 5 I N 1 S I A M 0 O A r  l i t A 1 0 4 S | N I / L . » * I M I A ♦ « J 18 * 0 8 * 0 0 0 8 * 8 0 0 0 . 8 8  7 0 0 * 2 2 6 5 * 7 2 4 M * *< ?6 v0 * 0 5 0 5 *  T 5 T H 0 * 1 8 0 0 * 0 1  1 0 0 * 2 5 8 8 * 8 8 8 H 0 *  I 0 J I* 1 6 60 * 1 0 0 5 * 1 5 1 H 0 * 1 5 8 0 * 6 A | 0 0 * 2 0 0 8 * 2 8 1 H 0 *  » 6 j . . 0 7 60 * 1 5 0 5 *  M l H 0 * 8 8 0 0 * 8 0 1 o 0 *  1 8 0 1 * 4 8 5 N 0 * 8 0 3 7 * 6 3 80 * 2 0 0 l * O O t H 0 * 8 5 8 0 * 1 5 0 0 0 * 8 0 0 1 * 1 5 1 H 0 * 8 6 3 7 . 7 7  10 * 1 5 0 3 * 0 8 ) H O * J 0 0 0 * 2 5 1 u 0 * 8 5 0 2 * 7 5 8 H 0 * 6 0 0 7 * 0 1 20 *  1 0 5 8 * 0 8 1 H 8 * 1 5 0 0 * 1 5 0 o 0 * 5 0 0 2 * 8 8 4 H 0 * 5 6 0 1 * 4 6 8l * J M 8 * 8 0 1 H 8 * 8 8 0 0 * 1 1 0 0 0 * 5 5 0 2 * 2 0 5 N 0 * 6 0  J 1 * 7  1#.• * • 0 0 8 * 0 1 ? H 0 * 8 0 8 0 * 0 8 5 0 0 * 4 0 0 2 * 0 1 7 M 6 * 6 6 0 1 * 6 8 *0 * 5 5 8 1 * 0 5 8 H 8 * 0 0 8 o * o n 0 0 * 4 5 0 1 * 0 7 1 N 0 *  7 0 0 1 * 6 7 10 * 5 0 0 I *  T | 0 H 8 * 5 5 0 0 * 0 5 1 0 0 * 7 0 0 1 * 7 5 7 N 2 *  7 6 0 1 * 6 1 00 * 5 5 0 1 * 0 8 0 ► 8 * 0 0 0 0 * 0 8 0 o 0 * 7 5 0 1 * 6 6 4 H 0 * 4 0 0 1 * 8 6 70 * 0 8 8 1 * 5 0 8 H 0 * 0 0 8 8 * 0 2 1 o 0 * 8 0 0 1 * 5 8 2 N 6 * 4 6 0 1 * 8 C H0 * 0 5 8 1 * 8 8 1 H 8 * 7 8 8 0 * 0 2 8 0 0 * 0 5 0 1 * 5 1 1 N 0 * 8 0 6 1 * 1 6 19 * 7 8 8 1 * 5 1 0 H 0 * 7 0 8 8 * 0 1 8 0 0 * 8 0 0 t * 8  7 7 N 0 * 8 5 0 1 * 1 1 78 *  T O O 1 * 1 8 8 H 8 * 8 8 0 8 * 0 1 5 0 0 * 8 5 0 1 * 8 1 0 N 1 * 0 0 0 1 * 2 7 10 * 8 0 0 1 * 1 1 8 H 0 * 0 0 8 8 * 8 1 2 0 1 * 0 0 0 I *  1 8 6 H 1 * 0 6 0 1 «  2 2 80 * 8 5 8 1 * 0 8 1 H 8 * 8 8 8 0 * 0 1 0 N 0 * 8 7 * 0 0 0 H I* 1 0 0 I *  1 6 50 * 0 8 0 1 * 0 0 8 0 0 * 8 8 * 0 0 0 M 0 * 0 5 0 6 * 7 8 8 H 1 * 1 5 0 1 • 1 8 20 * 0 5 8 l * l ? 0 0 8 * 8 0 8 7 * 8 0 5 H 0 * 1 0 0 6 * 2 1  1 H 1 * 2 0 0 1 * 0 9 81 * 0 8 0 1 * 1 8 7 0 8 * 1 0 8 7 * 2 7 4 N 0 * 1 5 0 5 * 8 5 1 H 1 * 2 5 0 1 * 0 5 60 * 8 1 * 8 8 8 o 8 * 1 5 8 8 * 5 2 8 H 0 * 2 0 0 8 * 6 6 7 «•
N
M
1 * 1 8 0
1 * 1 5 0
1 * 8 0 #
1 * 0 1 8
0 * 8 7 1
0 * 9 1 2
98 tCAVTIAIHt PACTOAt HAVC 8CCM 08A O
•••*« M N W H C 8 NMlMiNC«NiM»kKA»«NO tAILLMAH
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N H L  C A R O S  R 2 R 7  M C A O  I N  O N O  t R  T H C  7 0 C L 0 « | N G  f o r m a t - -
f t t O U C C O  R C F I . C C T I O N S
i N T C O R O C A r C O  S C A T r t « I N C  F A C T O R *
4. I I I C l F  s o 6 1 0 e E P I  S F I I I  1 7 1 1 8 7 1 3 1  8 7 ( 4
0 2 0 6 6 * 0 * 4  3 6 * 0 * 1 6 6 * 3 1 0 * 0 0 6 2 * 6 9 * 4 2 3 0 * 0 7 7 * 9 2 6 6 * 4 7 9
0 1 1 0 / 6 * 79 6 * 270 * 2 0 2 * 0 * 3 6 0 * 2 3 0 2 * 0 4 * 2 9 0 0 * 6 1 6 *  3 9 9 9 * 3 1 4
0 ? 3 0 * 0 * 1 0 0 * 0 * 1 6 9 * 6 4 0 * 0 0 1 2 * 0 3 * 1 9 4 0 * 1 7 9 * 1 2 6 4 * 1 1 9
0 a •  0 * 0 * 1 0 0 * 0 * 1 6 9 * 3 4 0 * 0 0 1 2 * 0 2 * 4 2 1 0 * 2 2 4 * 0 2 4 3 * 1 7 6
0 2 3 1 * 0 * 1 0 0 * 0 * 2 2 3 * 2  3 0 * 0 0 2 2 * 0 2 * 0 3 1 0 * 1 3 3 * 1 6 3 2 * 9 2 6
6 5 a 6 4 . 0 * 1 0 0 * 0 * 2 9 0 * 6 1 0 * 0 0 3 2 * 0 1 * 7 7 4 0 * 0 0 2 * 9 6 6 2 * 1 0 4
6 1 a 0 0 * 0 * t o o * 0 * 2 6 7 * 6 9 0 * 0 3 9 1 * 0 1 * 7 7 2 0 * 0 8 2 * 9 6  3 2 * 1 0 3
9 1 i 1 4 3 * 4  9* 1 0 0 * 4 9 . 1 * 3 7 0 * 9 6 7 1 * 0 2 * 0 2 7 0 * 1 3 3 * 1 7 4 2 * 9 2 0
A I i 4 4 0 0 * 4  9 0 8 * 1 0 0 * 2 0 0  9* 0 * 4 4 2 * 9 4 8 9 * 0 2 * 4 6 2 0 * 2 2 4 * 0 0 9 3 * 1 6 3
3 1 i 1 7 4  9* 1 6 4  3 * t o o * n r . 0 *  3 6 0 * 9 6 6 1 * 0 3 * 1 7 6 0 * 3 7 9 * 1 0 1 4 * 6 9 3
V A  I  U  e  3  «  fc L A  T  r  D
C A l C u t  A T T O i H t U H I f I C A L
m a t  v o t e N O N C C N f  M O S V R M t  T R U
a v . a  * u
A V *  (  St» *  I
a v * a
IM Mf I'd I  frt« I 
Ml *lt INI K # *• %
IK I -i I |  fiT «  I
i*ooo
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APPENDIX
THREE-DIMENSIONAL IMAGING WITH THE OVERHEAD PROJECTOR1
The most valuable aid In any discussion of molecular struc­
ture or stereochemistry Is a visible three-dimensional model of the mole­
cule. The two-dimensional representation, no matter how ingenious, pro­
vides only an incomplete understanding of the stereochemical problem and 
will lack effectiveness in stimulating the interest of the student. Ball- 
and-stick, skeletal, or space-filling molecular models are the most readily 
accessible three-dimensional visual aids for the individual student, and 
have the added advantage that they instill a sense of reality, but they 
are inconvenient for classroom discussion. For large viewing audiences, 
expensive polaroid equipment may be employed, but no inexpensive, readily 
available method of stereographic projection has been suggested.
Stereoscopic projection techniques utilizing color as the 
optical control which separates the images has been known for years. 
Reference was made at the turn of the century2 to such a projection method 
and to its complications in some detail in 1945.3 L. A. McGrew has re­
cently discussed a non-anaglyphic method of using the overhead projector 
to display stereopairs of molecular models,1* but no innovations in ana- 
glyphic processes have yet been proposed. A new visual display technique 
has been developed in our laboratory which employs an overhead projector, 
colored filters, and colored transparent overlays to create a three- 
dimensional image of a molecule.
The first requirement for creating the illusion of stereopsis 
are "right-eye" and "left-eye" drawings of a molecule. Stereopairs of 
molecules now appear widely in the chemical literature (for example, that 
appearing in Figure 1-2). There is a computer program available which 
readily generates molecular stereopairs on the IBM 360/65 computer and 
the Calcomp plotter. 5
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Once the black line drawings of the stereoviews of a molecule 
are obtained, they must be regenerated in color in order to be suitable 
for stereoprojection. In order to differentiate the two views, two 
different plastic overlays are made. The right-eye view is reproduced in 
blue on a transparent background; the other view is in red on a transparent 
background. A 3M model 96 infrared copy machine is used to generate the 
following overlays: type number 8 8 8  in red on clear and blue on clear,
manufactured by 3M company. These overlays are projected simultaneously 
(with their centers and horizontal and vertical directions superimposed) 
onto a screen in a well-darkened room by means of an overhead projector.
In order for the viewer to perceive the stereo image, special 
viewing glasses (with red over the right eye and blue over the left) are 
necessary. These are easily constructed from colored filters glued to 
poster board frames. The filters measure approximately 2" x 2" and are 
cut from a 20" x 24" sheet of Roscogel (gelatin filter) or Roscolene 
(plastic filter), both of which are manufactured by Rosco Color Media, 330 
Genesee Street, Buffalo, New York, 14204. The most satisfactory results 
have been obtained with Roscolene No. 9/15 (red) and Roscolene No. 9/135 
(blue). These glasses are inexpensive ($0.03 per pair to construct) as 
compared to viewing glasses ($0.50 per pair) used with polaroid equipment.
This study has indicated that certain factors are necessary 
in order to achieve the best results. As stressed, the room must be well- 
darkened. The original line drawings of the molecule used to generate 
the colored overlays should have the following characteristics: (1) each 
view of the stereopair must be of the same size and should fit within an 
8 " x 8 " area.; (2 )the lines must be dark and thick —  either of soft lead 
pencil, black ink, or a clear dark Xerox copy. In addition, the colored
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filter should completely block out the corresponding colored view. Other- 
wise, a latent image of the molecule is visible which detracts from the 
3D view and makes stereo perception more difficult. Finally, it has been 
discovered that simple drawings are the most readily perceived by the 
viewer.
Although the main interest for crystallographers is in the 
display of molecular structures, this technique could be readily applied 
in computer graphics, architecture, engineering, and many other fields. 
The 3D image is a more efficient display of spatial information and stim­
ulates the interest of the viewer, making him more susceptible to the 
concepts which are being conveyed.
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